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ABSTRACT
This thesis is a study and comparative analysis of the two large, wooden boats found next to the
Giza pyramid of King Khufu, a ruler of ancient Egypt’s Fourth Dynasty, c. 2575-2550 BC. Each
boat was found dismantled and buried on the south side of the king’s pyramid in pits 4-meters
deep and each was covered with stone slabs. This study will investigate both boats with respect
to the carpentry techniques used in their construction; their materials, such as different woods,
ropes, mortar, and copper; the meaning of the inscriptions found on each boat; and the
deterioration of some parts of the boats due to the environment changes. Because of this
deterioration, both boats had to undergo intensive conservation, including work done to bring
back the original shape of some important parts of the boats. The first boat was extracted from its
pit in the 1950’s and conserved and reconstructed in a process that has been the subject of
several books and articles. The second boat has only recently — between 2014 and 2022 — been
removed from its pit and conserved by a joint Japanese-Egyptian project, which successfully
preserved more than 1800 pieces of ancient wood as well nearly 100 ancient copper fixtures. The
thesis will provide the first detailed description of the Second Khufu Boat Project and of the
many years dedicated to preparing for and carrying out the recovery of the second boat. Finally,
the thesis will address the construction of such boats as well as the question of why such massive
boats were needed to accompany the king to the afterlife.
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INTRODUCTION
This thesis focuses on the wooden boats of King Khufu a ruler of the Ancient Egyptian
Fourth Dynasty (reigned ca, 2551-2528 BC; in this thesis regnal dates will follow those in Baines
and Malek, 1984, 16-17). King Khufu is best known for building the Great Pyramid at Giza.
Around this pyramid there are five boat pits; three of these, all located on the east side of the
pyramid, were found empty in modern times and the other two pits, which are located on the south
side of the pyramid, were discovered in 1954 and contained actual boats. The two southern pits are
rectangular in shape and four meters deep, and they were found covered by limestone sealing
slabs. The boats within had been dismantled into pieces and laid into the pits. Many scholars have
called those vessels royal funerary boats, while others believe that those boats were used during
the king’s lifetime and buried when the king died (Altenmüller, 2002, 271-273 and Vinson, 2013,
7). In this thesis, the author will discuss both of Khufu’s boats, how each was discovered, and how
each was constructed. The focus of this thesis will be on the Second Khufu Boat, which the author
of this thesis has had the privilege of helping to conserve while serving as a member of the
Japanese mission in Egypt and the Second Khufu Boat Project.
The Khufu boats are described by scholars as the “First” and “Second” Boats of Khufu.
The places where these boats were buried were discovered on the south side of the Great Pyramid
in the 1950s when King Faisal of Saudi Arabia was coming to Egypt and was planning to visit the
Giza Plateau. The authorities ordered the area to be cleaned up, and during the cleaning of the
remains of the enclosure wall that surrounded the Great Pyramid, the workers found huge stone
blocks that covered certain areas on the south side of the pyramid. When the person responsible,
Mr. Kamal El-Malakh, went to check these, and he realized that those stones were covers for two
pits, one to the southeast and one to the southwest. Over the next three decades, investigations
showed that each pit contained a boat, the first one being uncovered in the 1950s and the second
one noted in the 1980s.
In 1954 an Egyptian mission started excavating the eastern pit, which lies along an eastwest line east of the second or “western” pit. They called the boat they found in this pit the “First
Boat” solely because they started to excavate it before opening the second pit, which eventually
proved to contain its own boat, now generally called the “Second Boat” of Khufu. However, the
Second Boat is slightly older in terms of the exact time of construction than the First Boat, which
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is a conclusion based on ancient graffiti recently found written on the cover stones of the Second
Boat pit. From tomb reliefs and other ancient sources.
The Egyptian team working on the First Boat was headed by Mr. El Malakh as the lead
archaeologist and Haj Ahmed Youssef as the chief conservator. Work stated in 1954 to remove the
stone cover blocks and to extract the wooden pieces from the pit. It then took Haj Ahmed more
than 15 years to reconstruct the boat because at that time there was no information about how such
a huge ancient boat was constructed. He had to search and collect information from tomb reliefs
and other ancients’ sources until he finally rebuilt the boat (Lipke, 1984). When the reconstruction
was finished, the boat was displayed in a purpose-built museum located above the original place
where it was found on the south side of the pyramid until it was moved in 2021 to the Grand
Egyptian Museum at Giza, where it will be displayed.
The Second Boat pit had been left sealed until in 1987 a team headed by Farouk El-Baz
opened it just enough to confirm that it also contained an ancient boat. Thereafter the Japanese
mission took over, and in the 1990s it started a project to extract and conserve the Second Khufu
Boat. This project was initiated and supervised by Dr. Sakuji Yoshimura, the director of the
Japanese mission. The actual work of extraction of the Second Boat started in 2013 and continued
until 2021, when the last wooden piece was lifted. This completed the first stage of Khufu’s
Second Boat Project of restoration and conservation. In the current year of 2022, the Japanese
mission will start the second stage of the project, which will be the reconstruction of Khufu’s
Second Boat, and this will take place near the Grand Egyptian Museum and not at the Giza
plateau. This second stage will take about six to seven years, with the intention that the
reconstructed Second Boat will eventually be displayed right next to the First Boat.
The main purpose of this thesis is to describe the methodology of the Second Boat team in
terms of clearance, recovery and conservation of the boat, as well as to describe some of its
important discoveries. The thesis will introduce the topic by addressing the importance of boats in
both sacred and secular contexts, to the ancient Egyptians, and will then describe what is known
about the royal boats of Egypt based on the few archaeological examples that survive. These
include parts or all royal or elite boat burials of the Early Dynastic Period (c. 3100-2700 BC) at
Abusir, Helwan, Saqqara and Abydos; the Fourth Dynasty boats recovered from Khufu’s funerary
complex at Giza, as well as parts of royal or elite boat burials of the later Old Kingdom (ca. 25002150) and the Middle Kingdom (ca 2050-1750). This will be followed by a chapter that will
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discuss and describe the First Khufu Boat in order to better understand and contextualize the
Second Boat. Next, the recovery, consolidation and conservation of the Second Boat will be
covered. This chapter — Chapter Three — will be the first document that shares much of this
information about the Second Boat and its recovery with the public. Chapter Four will compare
the two Khufu boats, and the last chapter — Chapter Five — will discuss the hypotheses of Dr.
Yoshimura concerning the purpose and symbolism, and the authors conclusions on the subject.
1.1.1. Funerary Boats in Ancient Egypt
The strong religious beliefs of the ancient Egyptians drove them to secure their tombs with many
funeral objects to live comfortable and happily in the afterlife exactly as they used to live in this
life. Among these funeral objects are funerary boats, either models or actual ones. Boats were
important in the history of ancient Egypt and there are many types of boats, but royal funerary
boats are the main boat type that I will discuss here, since my purpose is to establish a general
context for the primary subject of the thesis, the west funerary boat of Khufu that is currently
being extracted from the pit in which it has been buried for more than 4000 years.
The Ancient Egyptians had many different terms that described boats. According to Steve
Vinson, the most common term was probably dpt, which could be — and was — applied to every
type of vessel. He added that “One interesting and old term is dw3-t3wy, or ‘Praise of the Two
Lands Vessel’,” which may have been used to describe “large and ceremonial vessels similar to
the Khufu funerary vessel” (Vinson, 2013, 2-3).
What was the “ceremonial role” of the Khufu vessels? The archaeological evidence
suggests that boat and boat imagery played an important role in the Egyptian funerary cult, and
this must be the most important purpose of the two Khufu boats... A few actual boats have been
discovered in First Dynasty funerary contexts, and two spectacular and well-preserved boats —
the boats of Khufu — were discovered at Khufu’s Fourth Dynasty funerary complex at Giza.
There have been no discoveries of well-preserved, full-size royal funerary boats from the period
following the Fourth Dynasty except for several Middle Kingdom vessels found at the Twelfth
Dynasty pyramid complex of Senusret III at Dahshur, but we have good reason to believe that at
least a few boats that have not survived were buried in association with several Old Kingdom and
Middle Kingdom royal funerary monuments. In addition, a few boats have been discovered in
non-royal tombs of the latter Old Kingdom, and boat models and boat images appear in non-royal
tombs with increasing frequency from the Early Dynastic Period on. By the New Kingdom Period
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the practice of burying full-size funerary boats within royal funerary complexes had ceased, but
Ancient Egyptian kings now placed wooden boat models in their tombs, and they may very well
have done so in earlier periods. Moreover, the walls of their tombs were filled with images of gods
and king moving in boats in the afterlife. Why the eventual replacement of full-size boats with
models took place cannot be known for certain, although P.P. Creasman and Noreen Doyle have
suggested that it is related to the decline in the size and scale of royal tombs in the latter periods of
pharaonic history (Creasman and Doyle, 2015, 83-101). Regardless, it is clear that boats and boat
imagery were integral to Egyptian conceptions of the afterlife from the beginning of ancient
Egyptian history to the end.
Moreover, boats were symbols of power in both this life and the next, which makes perfect
sense in a land where control of the Nile was a key to power over Egypt. This may be one
explanation of why the gods are associated with travel by boats as early as the Pyramid Texts of
the later Old Kingdom Period (Vinson, 2013, 5-6). It may also explain why vessels were buried
next to the tombs of Old and Middle Kingdom kings. In addition, Vinson notes that “One of the
Egyptians’ central religious images was that of the continuous voyage of the sun god Ra through
the sky in his two barks, the day bark and the night bark . . ..” Hartwig Altenmüller, among others,
has argued that the two boats of Khufu at Giza represent the day and night barks of the sun god,
and their symbolic purpose was to provide the dead (but alive in the afterlife) king with the proper
means of traveling with the sun god on his daily and nightly journeys (Hartwig, 2002, 273ff).
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CHAPTER ONE: NOTES ON THE ARCHAEOLOGY OF ROYAL
FUNERARY BOATS IN ANCIENT EGYPT, FROM THE EARLY
DYNASTIC PERIOD THROUGH THE MIDDLE KINGDOM
In the pages that follow I will discuss royal funerary boats from the Early Dynastic Period
and First Dynasty found at five important archaeological sites in Egypt: Abu Rawash, Helwan, North
Saqqara, Abusir and Abydos. Then, I will compare these Early Dynastic funerary boats found at
these sites to Khufu’s First and Second funerary boats and their pits as well as to the other three
surviving boat pits around Khufu’s Pyramid. Finally, I will comment on the royal and non-royal
funerary boats discovered at sites dating to the Fifth and Sixth dynasties of the Old Kingdom and to
the Twelfth dynasty of the Middle Kingdom.

1.1. The Pre-Dynastic Period
Since prehistory, boats have played an important role in human life. The boats represented
in Egyptian predynastic iconography were clearly large and complex as far as technique of
construction and rowing material (see Figure 1-1 below). Moreover, those boats were always
represented in what can be described as ritual or symbolic scenes (Vinson, 2013, 5-6). If a person
was shown in a scene with a boat, either in rock art or on a pot drawing, it is likely that this person
was the chief/leader of a certain group, and this would be shown in ritual contexts (Vanhulle,
2019).
Figure 1-1: Pottery Vessel decorated with Boats, birds,
plants, and male with female human figures (El Amra.
29.2 cm. Naqada II, London, British Museum;
photocopied from Robins, 2008, 31). As described by
the British Museum, this jar dates to the Naqada IIc
Period, c. 3500-3200 BCE. It features red painted
representations of dancing figures, ostriches, and
many-oared boats. It is an example of Pre-Dynastic
Pottery from Naqada II around 3500-3200 BC. It
shows how even in this early period ancient Egyptian
artists were drawing what they could see. In this era, a
writing system had not yet been introduced and art was
the only system that expressed information. This kind
of artifact was found in the burial of certain people, for
example, leaders and wealthy persons (British
Museum online, at
https://www.google.com/search?q=ancien
t+Egyptian+predynastic+nagada+pottery&oq=ancient
+Egyptian+predynastic+nagada+pottery&aqs=chrome.
.69i57.30389j1j7&sourceid=chrome&ie=UTF-8))
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A vivid example of how boats were associated with religion in the Predynastic Period is the wall
painting from Tomb 100, which was excavated in the ancient cemetery of Hierakonpolis in 19981899 (Figure 1-2). The scene shows six boats; five of them are like one another but the sixth boat
is different in shape and color. This shape is like the ceremonial or funerary boat of the king
shown on wall paintings of many tombs of kings of the New Kingdoms Period, (Vinson, 2013, 56; see also Figure 1-3 below).

Figure 1-2: Painted wall decoration from Tomb 100 at Hierakonpolis (from
https://www.academia.edu/40813076/Tomb_100_The_Painted_Tomb_of_Hiera…)

In addition, black is the color of resurrection and fertility — the underworld god Osiris was
colored black in many religious scenes. Therefore, I suggest that this is very early evidence of
boats associated with funerary practice.

Figure 1-3: A solar bark, from the Pronaos of the Tomb of Seti I, Dynasty XIX,
Valley of the Kings (courtesy of J. Swanson)
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1.1.1. The Early Dynastic Period: Abu Rawash
The site of Abu Rawash is located in the northernmost part of the necropolis associated
with the capital Memphis. Abu Rawash is a high bluff on the edge of the desert that stands some
ten kilometers north of the area of the Giza pyramids. The Fourth Dynasty King Djedefre, son
and initial successor of Khufu, began but never completed the construction of a pyramid on top
of the bluff. The site’s history extended back several centuries before the Djedefre’s reign, and
mastaba tombs bearing objects with the names of the First Dynasty Kings Aha and Den have
been identified here. The remains of a boat burial and elements of an actual boat were found in
association with these mastabas (Edwards, 1999, 82-85).
In 1900 and 1902 the Institut français d’archéologie orientale (IFAO) in Cairo started the
excavation of Abu Rawash under the direction of Emile Chassinat. In 1912 and 1913 several
groups of mastabas located on a bluff overlooking the Village of Abu Rawash about one and a
half kilometers northeast Djedefre’s pyramid were examined (Figure 1-4). The initial excavations
of this area identified separate cemeteries dating to the Fourth Dynasty Period and the First
Dynasty Period, and the latter were labelled “Cemetery M.” In the mastabas of Cemetery M
objects bearing the names of Aha and Den, the First Dynasty kings. Among them, located north of
Mastaba 6, the archeologists discovered what has now come to be recognized as the only
surviving wooden boat discovered in Egypt was uncovered.

Figure 1-4: Map of the Abu Rawash Site, based on an image from Google Earth (courtesy J. Swanson)
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However, the initial IFAO excavation of cemetery M did not recognize that it had found
an ancient boat. According to Eric Powell, an editor at Archaeology Magazine, the excavators
“originally mistook an ancient Egyptian funerary boat found at the cemetery of Abu Rawash for
a wooden floor. The 20-foot boat dates to 2950 BC (Powell, 2013). How did the excavators of
the site conclude that they were dealing with a funerary boat and not a wooden floor?
In 2008 an IFAO team began to re-excavate Cemetery M. The goal of the project,
according to its leader, Dr. Yann Tristant, was to re-examine “monuments partially cleared by
Pierre Montet in the years 1913-1914” so as to “provide new archaeological background to study
this elite cemetery in the context of the nascent Egyptian state” (Tristant, 2016, 155). When
Tristant reviewed the excavation report made by his Montet in 1914, he noticed that Montet had
reported that there were wooden floors around the mastabas. When Tristant read this, he seems
to have found Montet’s observation unusual, so in 2012 “he directed his team to excavate at the
same spot Montet had almost a century before.” There they found “a pit bounded by a brick wall
that held the oldest boat in Egypt” (Powell, 2013). Artifacts found nearby bear the names of two
First Dynasty kings, Aha and Den, and the boat has come to be known as the “Den Ship” in
much of the popular commentary on the vessel, even though there is general agreement that King
Den was buried elsewhere. Regardless, it is not known who the original owner of the boat was.
The remains of the boat were treated in the Conservation Center of the Grand Egyptian
Museum, and one of my conservator colleagues, Nour Mohamed Badr, was part of the team that
worked to preserve it. In a poster presented at an international conference in Australia in 2014,
Badr and several of his associates reported that the wood of the boat is local: “the main wood is
wild Vachellia (Acacia) Nilotica while wood used for the supportive pegs which join the planks
and tenon joints of the boat is the main wood is wild Vachellia (Acacia) Nilotica while wood
used for the supportive pegs which join the planks and tenon joints of the boat is Ficus
sycomorus.” The wood was generally in poor condition, and “two types of Nano polymer (nano
Paraloid B-82 and nano Klucel G)” were successfully employed to consolidate the remains of
what the restorers recognized as an artifact “of paramount importance to the history of naval
architecture of ancient Egypt “(Medhat et al., 2014).
In 2013 and 2014 the IFAO team at Cemetery M founds fragments of several more
boats. According to Yan Tristant, “The boats were designed according to the technique of lacing
ligatures. Based on associated material, stratigraphy and more importantly a set of C14 dates, the
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boats of Abu Rawash are currently believed to the oldest boats ever found in Egypt.” The study of
these boats has provided a better “understanding of shipbuilding techniques in the early periods of
Egyptian history and its development
over the 400 years before the famous
boat of Khufu, c. 2550 BCE (Tristant,
2018, 236-237). It now appears that the
remains recovered in 2012, 2013 and
2014 are of three boats. The two
recovered in 2013 and 2014 are in
fragmentary condition, and at present
all three of the boats are among the

Figure 1-5: Wooden planks discovered at Abu Rawash,
Cemetery M, by the IFAO team ((Nevine El-Aref, 2012)

holdings of the Suez National Museum
(Personal communication from Nour Mohamed Badr).
In addition to the Early Dynastic boat burials associated with Cemetery M, there is also a
large, rock-cut boat pit at Abu Rawash that dates to the Fourth Dynasty. It is located adjacent to
the unfinished Fourth Dynasty
pyramid of Djedefre, son and initial
heir King Khufu, and was among the
earliest finds of the first IFAO team
that excavated at Abu Rawash.
According to my observations and
personal studies, this is a boat-shaped
pit, and as such it resembles one of
Khufu’s pits in the upper west end of
the causeway of Khufu’s pyramid. It

Figure 1-6: Abu Rawash boat pit. (https://www.bing.com/search?q=
Abu+Rawash+boat+pit&go=Search&qs=ds&form=QBRE)

clearly was part of Djedefre’s Fourth Dynasty unfinished funerary complex. But there is no
evidence that it ever contained a boat.
1.1.2. Helwan
Helwan is located on the East bank of the Nile. 20 km south Cairo. and the largest Early
Dynastic cemetery in Egypt, with 10,000 tombs, has been excavated here (Jeffreys, “Helwan”,
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1994, 367-368). In the 1940s the site was excavated by the Egyptian archaeologist Zaki Saad,
whose work was sponsored and funded by King Farouk. Saad produced a series of preliminary
reports on his work but was unable to produce a complete final report, possibly as a consequence
of events associated with the 1952 Revolution that ousted Farouk and his regime from power.
(Saad, 1942, 1943, 1946 and 1951). From 1996 to 2012 E. Christiana Kohler oversaw a joint
project of the University of Vienna and Macquarie University that involved revisiting the sites at
Helwan that Saad had examined as well as completing a full archaeological survey of the site
with substantial new excavation (Kohler, 2000, 2005, 2014, 2017; Kohler and Jones, 2009).
While working at Helwan, Saad
identified four elites’ tombs: numbers 762 H5,
649 H5, 1502 H2, and 680 H5; all were dated
to Dynasty I, and north of tomb number 680
H5, a boat pit was found. The pit was a
shallow cut into the ground and its physical
character as well as whether or not any remains
were found within it remains something of a
mystery, and few details about the pit are

Figure 1-7: The boat pit in Helwan site. A Photograph
that first appeared in one of Zaky Saad’s reports, copied
in Raffaele, “Helwan,” 2002 (https://xoomer.virgilio.it/
francescoraf//hesyra/helwan.htm

available are currently in print (Rafaelle,
2002). Kohler believes that this pit is similar to the boat pits of North Saqqara, Abu Rawash, and
Abydos (Kohler, 2000, 38-40). But her principal publications on Helwan say little more about
either the pit or about anything that may have been found in it. At best, the boat pit of Helwan is
evidence — together with the boat discoveries at Abu Rawash, Abydos and Abusir — of a
tradition of boat burial in association with royal and non-royal elites’ tombs in the Early Dynastic
and Early Old Kingdom Periods,
1.1.3. North Saqqara, The Early Dynastic Mastabas
As early as the early 20th century it as known that a series of mastaba tombs dating to the Early
Dynastic Period were located in the northeastern-most section of Saqqara on a ridge overlooking
the Nile Valley to the east. In 1935 Walter B. Emery began to conduct the first substantive
excavation of the site, which confirmed the presence of several monumental mastabas dating to
the First Dynasty in North Saqqara (Tavares, 1999, 700-704). The ownership of the Early
Dynastic mastabas and the elite cemetery with which they are associated is still under debate.
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According to the Egyptologist Ellen Morris, half of these mastabas do not contain the names of
any officials. Names of officials appear on seal impressions only, and half of those same
officials’ names appear also at Abydos; therefore, the presence of names on seals does not
necessarily tell us who the original owners of the Saqqara tombs were. Morris suggests that these
mastabas were intended for individuals who were very close to the king. The king may have
given these monuments, which resemble the monumental royal mastabas built for Early Dynastic
kings at Abydos, both to show generosity to worthy individuals and to symbolize the absolute
political/economical authority of the state (Morris, 2007).
The current scholarly consensus concerning the ownership of the Early Dynastic mastabas
of North Saqqara reflects the conclusion of Morris, but there remains the possibility that some of
these tombs may have been royal because of their monumentality, structural regularity, serekh
façade, large space that dominated the landscape, and the hundreds of bull’s heads found in one of
them. They were almost certainly not tombs where kings of First or Second Dynasties were buried
— the kings of this period were buried in Upper Egypt, primarily at Abydos, but some of the
North Saqqara mastabas may have belonged to queens, princes and/or princes (Cervelló-Autuori,
2017, 211-230). I believe that the most important evidence that those tombs are royal in character
is the presence of three boat pits cut next to three different tombs. Those tombs are Nos. 3357,
3503, and 3506, and I will discuss them below.
Revising Emery’s excavations, a re-evaluation of his field notes, 1946-1956
The North Saqqara mastabas were discovered by Walter B. Emery in 1946. According to a
recent revision of Emery’s work based on a re-examination of Emery’s field notes by Rinus

Figure 1-8: tomb No. 3357, reconstruction drawing ( from https://www.bing.com/search?q=
map+of+1st+Dynasty+tombs+saqqara&go=Search&qs=ds&form=QBRE&ntref=1)
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Ormeling (Ormeling, 2017, 1-21), tomb number 3357, reign of the First Dynasty ruler Hor-Aha, is
the earliest of the monuments at Saqqara.

Figure 1-9: Map of Saqqara royal tombs, including tomb 3357, reign Aha (from
https://www.bing.com/search?q=map+of+1st+Dynasty+tombs+saqqara&go=Search&qs=ds&form=QBRE)

Tomb 3357 was surrounded by two
enclosure walls, as indicated in Figure 1-9,
and had about five separate chambers. One of
these chambers held a sarcophagus, and all
the chambers were roofed with wooden
beams. On the north side of the enclosure a
large but shallow boat pit was cut into the
ground. Into it was built a funerary “boat
house” made of brick — the first such “boat
grave” to be discovered in association with a
major mastaba (Figure 1-11 below). The pit
into which the brick boat house was set
measures about 22.5 meters long. (Ormeling,
2017).

Figure 1-10: Tombs of North Saqqara (from http://www.
touregypt.net /featurestories/firstdynastysaqqara.htm)
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Figure 1-11:
Reconstruction of the
actual boat and pit
outside of the
enclosure next to
tomb 3357. (This is a
copy of the sketch
reconstruction that
appears on p. 44 of
Walter B. Emery’s
Excavations at
Saqqara: Great
Tombs of the First
Dynasty, III, London,
1958).

The second tomb that has a boat pit is tomb number 3503, “possibly from reign of Djer.”
The tomb is located just next to tomb number 3504, which Morris investigated in her paper.
(Morris, 2007).

Figure 1-12: reconstruction tomb 3503 (from https://www.bing.com/images/search?q=tomb+3503+saqqara&qpvt=
tomb+3503++saqqara&tsc=ImageHoverTitle&form=IGRE&first=1.)

This tomb contained human remains “from different individuals.” It had been suggested by a few
early scholars that it could be a royal tomb (Ormeling, 2017), and some believed that these
remains were evidence of human sacrifice, as Morris suggested. “In many early Dynastic tombs,
there were evidence of human sacrifice, and they were retainers that they are ready to sacrifice
their lives for the state.” (Morris, 2007, 17). This explains the human remains that were found
from different individuals, who differed in age and gender.
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Tomb 3503 contained some boat models and “a brickwork casing for a funerary boat but
above the ground level, rather than dug into a pit.” (Ormeling, 2017). This arrangement has
parallels with that of the Helwan boat pit that was mentioned above. Of special note is that in this
tomb, archaeologists found both boat models and a pit that probably once contained an actual
boat. It therefore provides clear evidence that since the earliest days of the pharaonic state, First
Dynasty, the ancient Egyptians made boat models intended for burial in elite tombs, so this was
not a practice that developed only in a later period for funerary objects (see Figure 1-13).

Figure 1-13: Model of a boat in bone or ivory, from an Early Dynastic Tomb at Saqqara,
in the Egyptian Museum, Cairo (courtesy of J. Swanson)

The last tomb that has a boat pit is tomb number 3506, but this boat pit was badly damaged
and covered by Second and Third Dynasties structures, which made it difficult to excavate and
required the destruction of the overlying structures from Second and Third Dynasties. (Ormeling,
2017). Therefore, there are neither photos for any of these boats or pits from these tombs in North
Saqqara nor absolute identity for the owners.
1.1.4. Abydos
Abydos is one of Egypt’s oldest urban sites and one of its most important archaeological sites.
The ancient Egyptians believed that Osiris was buried in the sacred city of Abydos, and thus it
was the site of many ancient temples, as well as the royal necropolis of Umm el-Qa'ab, where
early kings were entombed (Friedman and Adams, 1999, 93-95). In subsequent periods, “it
became desirable to be buried in the area, leading to the growth of the town's importance as a
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cult site.” (Bestock, 2008). The tombs of the kings of First and Second Dynasties at Umm elQa’ab are located in the desert at a distance of about a kilometer from the Nile Valley. North of
these tombs, on the border between the valley and the desert, is North Abydos, location of the
vast “North Cemetery.”

Figure 1-14: Map of the site of Abydos (copy of a map prepared by J. Richards, https://www.researchgate.net/figure/
Map-showing-the-Middle-Cemetery-at-Abydos-J-Richards-after-a-base-map-used-with_fig1_315803549)

Here are located the remains of several large, brick-built funerary enclosures, the
purposes of which are still uncertain, but which appear to have functioned as funerary palaces for
the royal “ka” — a spiritual force that can perhaps be understood as the royal soul that remains
on earth following mortal death. The funerary enclosures are clustered together (see Figure 1-15
below), and only one of them is well-preserved: the huge brick-built monument of the last king
of Second Dynasty, Khasekhemwy, which has acquired the popular name of “Shunet az-Zabib”
(the “raisin storehouse”) over the centuries. It was just outside of the outer enclosure wall of this
monument that a major discovery of ancient funerary boats was made in 1991.
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Figure 1-15: At Abydos, near the Nile valley and at some distance from the Umm el-Qa’ab royal tombs, there are a
cluster of funerary enclosures of the kings of Dynasty 1 and the last two kings of Dynasty 2. The blue arrow
Points from the Shunet ae-Zabib and the boat burials discussed in this section of the thesis
(from https://i.pinimg.com/originals/1b/fd/03/1bfd036336a3773821b5758d8861e9f9.jpg)

A team of archaeologists from the University of Pennsylvania Museum, Yale University
and the Institute of Fine Arts at New York University, in cooperation with Egypt’s Supreme
Council of Antiquities, discovered the Abydos boat pits in 1991. (O’Connor, 1991, 5-15; see also
O’Connor, 2011). The formal excavation work started in 2000 under Dr. David O’Connor, who
had worked at Abydos since 1967. O’Connor discovered that at least a dozen boat graves existed
adjacent to the massive funerary enclosure known as the “Shunet ez-Zebib,” of Khasekhemwy of
the late Second Dynasty, and his team was able to establish that boats had probably been buried
some time before Khasekhemwy’s funerary enclosure was built. “However, there is no doubt
that the boat graves are, like the enclosures which surround them, Early Dynastic in date,
i.e., built in First or Second Dynasty. The matrix surrounding them was abundant in Early
Dynastic pottery sherds, usually unmixed with those of later date (the latter occurred
higher up in the overlying deposit). In one case, clusters of Early Dynastic offering ears had
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been deposited under the prow’ of one of the boat graves” (O’Connor, 1991, 10). The writer
Richard Pierce reported in 2004 that “12 of the large vessels are dated 3000 BC and estimated to
be between 60 and 80 feet long, and a large section of one boat has been exposed, conserved and
studied by the same team who discovered the boat graves” (Pierce, 2004).

Figure 1-16: Some
of boat burials
associated with the
Khaeskhemwy
enclosure wall.,
which is visible in.
the background of
the photograph.
The total number
of boat pits (or
“graves”) with
actual boats inside
is 12 (from
www.abc.sapa/uwa
Penn.Yale.NYU)

According to O’Connor, the boats were housed in brick-built structures that were set into
long, shallow cuts in the surface of the desert. They were then covered with bricks that were laid
to create a boat-shaped housing for each vessel. O’Connor describes these structures as “boat
burials,” and they are reminiscent of the brick-built “funerary boat house” discovered next to the
roughly contemporary Mastaba 3357 at North Saqqara. “Each boat grave, when complete . . .,
consisted of a mass of laid brickwork rising up to a height of approximately 50 centimeters
above the Early Dynastic ground surface. They were therefore relatively low in height, but enormously long: the shortest was about 19 meters long, the longest 29 meters. The average length of
all twelve was about 27.40 meters (89-1/2 feet). Each grave was quite narrow, typically about
3.25 meters at the widest, and in plan curved gently outward, then in again on each side,
replicating the outline of a boat. In addition, each boat grave had a strongly defined ‘prow’ and
‘stern’” (O’Connor, 1991, 10-11).
The boats themselves had suffered much damage over the centuries but, enough wood
survived to establish the basic structure of the vessels. Each vessel was a nearly flat-bottomed
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barge, and there appear to have been no decks, nor was there clear surviving evidence of
structures such as deckhouses. Some of the surviving poles and beams were made of cedar
imported from Lebanon, but most of the hull planks appear to have been made of local wood,
especially tamarisk.

Figure 1-17: Sketch of Abydos Boat 10 (copied from Ward, 2006, 125).

Long planks were joined together by ligatures consisting of ropes threaded through cuts
in the wood. As a result, “The boat-grave cemetery at Abydos has provided the world's oldest
sewn planked hulls, and vivid evidence for the way early Egyptian wooden boats were built. As
well as sailing on the Nile, they were designed to be dismantled for carriage over land to the Red
Sea. By the mid-fourth millennium BC the ship was a major technical force in the Egyptian
political economy as well as an iconic force in ceremonial burial” (Ward, 2006, 118, 123-125).

Figure 1-18: Some wooden parts of an actual Abydos funerary boat are
shown inside the brick pi (at www.abc.sa-pa/uwa Penn.Yale.NYU)
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Details are currently unavailable regarding what conservation materials the conservators of
the Abydos boats used for the first aid stage or for the next stages, and this makes it impossible for
scholars to follow up their work at present.

Figure 1-19: Conservators are trying to carry out first aid conservation on one of the Abydos boats in order to be able
to lift the wooden pieces from the original place where they were discovered. (www.abc.sa-pa/uwa Penn.Yale.NYU)

O’Connor believes that the Abydos boat graves are unique for their era because of three
reasons. The first one is that they are larger and better-preserved than any of the Early Dynastic
boat burials at Saqqara and Helwan. The second reason is that the Abydos boat graves are shaped
in ways that the other early boat burials are not so as to suggest the clear and obvious outline of a
boat. The third reason is that each boat pit at Saqqara and Helwan is associated with a specific
tomb, while the Abydos graves are arranged in groups that “form a virtual fleet, ‘moored’ up
against one of the royal funerary cult enclosures” (O’Connor, 1991, 13-15).
1.1.5. Abusir
In 2009 a team representing the Czech Institute of Archaeology began to excavate a large
mastaba located in Abusir South, not far north of the monuments of North Saqqara. Given the
name “AS 54,” the tomb was excavated over several seasons and produced evidence suggesting
that the owner of the tomb was a figure of high status during the reign of King Huni at the end of
the Third Dynasty. Unfortunately, none of the material discovered on site provided any clues as
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to the identity of the tomb owner. Then, during the 2015 season, archaeologists uncovered an 18meter-long wooden boat just south of the tomb, lying on the tufa surface of the desert and
covered with sand. The boat was in a fragile state but nonetheless featured an unusually fine
degree of preservation,
with plant materials and
ropes still in their
original positions. Dr.
Miroslav Barta, director
of the Czech Mission,
stated that this is a
“highly unusual
discovery since boats of
such a size and
construction were,
during this period,
reserved solely for top

Figure 1-20: The Abusir Boat during excavation, from (Kettnerová, “A unique boat
from the pyramid age discovered at Abusir,” 2016).

members of the society, who usually belonged to the royal family. This suggests the potential for
additional discoveries during the next spring season” (Kettnerová, 2016).
After receiving considerable press attention when first discovered, the Abusir Boat has
been relatively little commented on outside of a small circle of academics ever since. The lack of
attention that the boat has received is both curious and regrettable, because the Abusir Boat
provides unique evidence concerning the evolution of ancient Egyptian boat construction at the
highest level between the small number of Early Dynastic vessels that have been discovered and
the vastly larger, better preserved and more complex boats of the Fourth Dynasty King Khufu.
Perhaps the foremost advocate of the significance of the Abusir Boat, Douglas Inglis, a research
associate with the Institute of Nautical Archaeology, has expressed the importance of the vessel
as follows: “The discovery is unique in its preservation of both the shape of the hull and the
complex lacing system used to bind the planks together. In stark contrast to the dozens of boatburials from the First and Fourth Dynasty, the Abusir boat is the sole vessel dated to the Third
Dynasty. The Abusir Boat combines Early Dynastic shipbuilding technology with Old Kingdom
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nautical forms, making it a missing link that ties Khufu's royal ship to the Early Dynastic boat
burials discovered at Abydos, Saqqara, Helwan and Abu Rawash” (Inglis, 2019).
1.1.6. Summary comments on the five Early Dynastic and Third Dynasty archaeological sites
associated with “royal” boat burials
From the facts above it can be noted that, first, the Abu Rawash site has an empty boat bit
associated with the pyramid of Djedefre, and an actual wooden funerary boat around what was
intended to be a royal (but not kingly) tomb. Second, North Saqqara has three tombs, each of
which had a boat pit that probably contained an actual wooden funerary boat. At Helwan, there is
a boat pit north of one of four elites’ tombs, 680 H5. Does this boat pit belong to the owner of this
tomb 680 H5? If so, it is possible that we have here a cluster of tombs with one boat pit that served
the ritual elites’ cultic needs? There are many questions that need to be answered, and more study
of this site in the future is essential. Third, we have the dozen Abydos boat graves in the
background of Khaeskhemwy’s enclosure, surrounded by the enclosures of other kings as well.
According to Laurel Bestock, the functions of these enclosures were to accommodate ritual
practices related to the death and afterlife of the king (Bestock, 2008, 46). Beside the subsidiary
funerary monument to the northeast of the Khasekhemwy enclosure (labeled in figure 11 as the
“western mastaba”) are located at least twelve funerary boat graves. In the funerary context, it is
unique to bury a dozen actual funerary boats, all of which are moored and oriented east-west. I
believe that this was a kind of royal cult place for ritual practices intended to ensure the king’s
safe passage to the afterlife. Finally, a major non-royal burial complex of the Third Dynasty at
Abusir South has produced a large wooden boat about half the length of either of the two Khufu
boats that provides a transitional example of boat-building in ancient Egypt between the Early
Dynastic Period and the Fourth Dynasty.

1.2. The Fourth Dynasty: The Khufu Boats and Boat Pits
The Khufu boats will only be mentioned briefly here as they are focused on in Chapters 2 and 3.
However, a brief introduction to the both the first and second Khufu boats will be provided here
to set the full context of actual boats that have been discovered in royal or elite tombs of the First
through the Fourth Dynasties, since the First and Second Khufu vessels are the only full-scale
royal boats that have been recovered to this date from the periods between the Early Dynastic
through the Middle Kingdom.
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Figure 1-21: Monuments of the Giza Plateau; the five pits in their original places south and east of Khufu pyramid are
indicated, including the site of the two Khufu boats, which is outlined in red (from Waseda University Primary Survey
of Khufu’s Second Boat at Giza, Egypt, Advanced in Science, Technology, and Environment, Vol. B3, 2002-3, p. 4)

The First Khufu Boat was discovered in 1954 in a rectangular pit cut into the bedrock
south of Khufu’s pyramid by the Egyptian Archaeologists Kamal El Malakh. It took the Egyptian
conservator Ahmed Youssef about 14 years to reconstruct it, completing the project in 1968.
The measurements of the First Khufu Boat are 43.3 meters long and 5.9 meters wide, and
in antiquity it was dismantled and buried in the eastern of two south pits lying on an east-west line
next to one another. (Jenkins. 1980). The remains of the vessel were found in good condition, and
this made the job of the Egyptian archaeologists, restorers, and constructors not as difficult as that
of the Japanese and Egyptian team that began to recover the second boat nearly 55 years later, as
the condition of the remains of the Second Boat was substantially worse. (Yoshimura. 2018). The
Second Khufu Boat was buried in the western of the two southern boat pits and has been under
restoration and conservation since 2007. It was formally unearthed by the Japanese archaeological
mission in Egypt under the direction of the head of the mission, Dr. Sakuji Yoshimura, in early
1992. In fact, both pits were discovered by Dr. Malakh in the 1950s, but the decision taken at the
time was to open only the eastern pit and leave the western pit for archaeologists of a later
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generation to explore. Later, in 1987 a team sponsored by the American National Geographic
Society drilled a hole into the limestone blocks covering the pit to determine whether that were, in
fact, the remains of an ancient boat in the pit and, if there were, to examine the boat. It turned out
that there was in fact a “Second” Boat in the western pit. Unfortunately, either the pit had already
been exposed to the outside world or the project team failed to reseal the pit completely; whatever
the cause, this permitted air to leak into the pit

Figure 1-22: a close-up map of the five boat pits of Khufu, and the boat pits of queen’s pyramid.
(https://i.pinimg.com/564x/3b/d6/3c/3bd63cf8606d09975969eba98b23c443.jpg).

The Second Boat’s measurements are approximately the same as those of the First one, and
both pits have the same measurements as well: 35 meters long, 3.7 meters wide, and 3.9 meters
deep, as well. First pit was covered by 42 cover stones, the second pit was covered by 40 cover
stones, all slabs of limestone. Both are rectangular in shape and not boat-shaped.
Three other boat bits — all empty, having been cleared of whatever they may have held
centuries ago — survive from antiquity on the eastern side of the Great Pyramid. Two of these
three pits are boat-shaped while the third is rectangular in form.
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Fig1-23: The first boat pit with the cover stones.
(Courtesy J. Swanson)

Fig 1-24: The second boat pit. (Courtesy site manager,
Khufu Second Boat Project, Japanese Mission)

The two eastern pits that lie parallel to the eastern side of the Great Pyramid on a northsouth line are boat shaped. However, the pit in Figure 1-25 — the northern of the two pits — has
an ancient staircase with eighteen steps. Both pits are empty, and their walls were probably
surfaced with limestone slabs, like the two pits on the south side of the pyramid. However, some

Figure1-25: The north boat pit located parallel to the
east side of the Great Pyramid. (Courtesy J. Swanson)

Figure 1-26: The north boat pit located parallel to the
east side of the Great Pyramid. (https://en.wikipedia.org/
wiki/Khufu ship#/media/File: Kheops-boat-pit.JPG)

scholars believe that both pits were so large in length and width that they were never covered or
sealed. For that reason, they think that actual boats were probably not buried in them. However,
other scholars disagree. “Some scholars think that they were never covered, since pillars would
have been needed to help span their width. They are very large; Though these pits likely did at
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one time hold boats, some scholars have also speculated that they could have simulated boats
themselves, rather than containing real ones.” (Lawton and Ogilvie-Herald, 2000).

Figure 1-27: The boat pit that lies along the line of the causeway of the Great Pyramid
in a perpendicular position to the east side of the Great Pyramid. (Courtesy J. Swanson)

The fifth pit — the third of the three on the east side of the pyramid — lies along the
causeway of Khufu’s pyramid in an east-west orientation. It is another rectangular-shaped pit and,
as such, is like as the two southern pits and therefore unlike the other two eastern pits.
In sum, two of the five surviving boat pits associated with King Khufu are completely
empty and have been so for centuries; a third pit is empty today but when excavated was found to
contain cordage and pieces of gilded wood; and two contained actual boats. This suggests that
three pits contained funerary boats, and this is proof that kings from the Fourth Dynasty were
following their ancestors’ footsteps by incorporating boat burials into their funerary complexes.
1.2.1. Comments on the Wood employed in the building of the Boats of Boats from Early
Dynastic Sites to the Fourth Dynasty
Based on the surviving remains recovered from the site, the wood used to construct the
Abu Rawash boat — probably the oldest of the boats recovered in Egypt — appears to have been
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Figure 1-28: First funerary bat of Khufu in the eastern of
the two southern boat pits within the funerary complex
of King Khufu, from a photograph in “Life” Magazine,
June 1954 (http://maritimehistorypodcast.com/ep-006khufus-solar-ship-sailing-afterlife/.

Figure 1-29: Second funerary boat of Khufu 2013 in
the western of the two southern boat pits within the
funerary complex of King Khufu (Courtesy site
manager, Khufu Second Boat Project, Japanese
Mission)

primarily acacia wood, which is native to Egypt. Some of the wood used to build the first and
second Fourth Dynasty boats discovered at Giza — primarily short wooden pieces — was also
made of this local tree. But most of the wood employed to construct the two boats of Khufu was
imported — most significantly, cedar wood imported from Lebanon. Cedar (cedrus libani) trees
are tall and produce strong and resilient timbers that are excellent for boatbuilding. The ancient
Egyptians imported this tree from Lebanon to build their boats, especially the kings and the
elites.

:
Figure 1-30: Vachellia nilotica or Acacia nilotica Tree (from https://www.bing.com/images/search?q=
Vachellia+nilotica+&go=Search&qs=ds&form=QBIR&first=1&tsc=ImageBasicHover
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Figure 1-31: Lebanese Cedar Tree. (from https://www.bing.com/images/search?q=lebanese+ceder+tree&go=
Search&qs=ds&form=QBIR&first=1&tsc=ImageBasicHover)

In the Khufu boats, timbers of cedar up to 35 meters in length were employed as hull and
deck planks. The Abydos boats, which are a least 200 years older than the Fourth Dynasty Giza
boats, made use of a small amount of cedar. As noted above, most of the wood in the hulls of the
Abydos boats was local tamaris (Tamarix nilotica).

Figure 1-32: The longest beam in the second Khufu funerary boat. It is more than 35 meters long,
and we had to lift from the pit up into two pieces. This piece is the first part and is 20 meters in length.( Khufu
(Courtesy site manager, Khufu Second Boat Project, Japanese Mission)
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1.3. Royal and Non-Royals Boats found in Egyptian Sites from the Khufu Boats
of the Fourth Dynasty to the Dahshur Boats of the Twelfth Dynasty (ca. 25501800 BCE)
Sources for understanding ancient Egyptian boat construction from the Early Dynastic
Period through the New Kingdom are limited to representations in tomb and temple reliefs, boat
models recovered from tombs of all periods, and a few full-scale boats from funerary complexes
dating to the Early Dynastic, the Old Kingdom and the Middle Kingdom. The limited
information that we can take from these sources is a problem when it comes to describing the
techniques of boat construction used by the ancient Egyptians. Far and away, the best-preserved
boats are the two royal barges that have been recovered from two pits that were discovered on
the south side of the Fourth Dynasty Pyramid of Khufu in 1954. But these vessels stand in
splendid isolation in terms of size, degree of preservation and completeness. However, another
set of well-preserved, full-scale boats were discovered sixty years earlier at Dahshur. The
Dahshur boats date to Twelfth Dynasty, and they are very different types of vessels; among other
things, they are much smaller. Regardless, the Dahshur boats are one of the four most important
discoveries of full-scale ancient vessels in the history of Egyptology, the other three being the
Abydos boats, the Abusir boat and the Khufu boats.
No full-scale boats have been recovered from royal
monuments (or any other archaeological sites in Egypt)
dating to sites of the later Fourth through the Twelfth
Dynasties. Boat pits or repositories have been identified in
association with other monuments of the Fourth Dynasty as
well as with monuments of the Fifth Dynasty. There also
survive large-scale anomalies, such as the two huge, 45meter-long, boat-shaped structures constructed of stone and
buried next to the causeway of the late Fifth Dynasty King
Unas. The purpose of these structures remains a mystery.
Several scholars believe that they were pits intended to hold
real vessels (Altenmüller, 2002, 271). But no clear evidence

Figure 1-33: The two stone
boats of Unas lying side-by-side
(Courtesy of J. Swanson)

survives from the site to suggest that real boats were ever placed within these structures. It has
been suggested that the structures themselves, which are constructed of well-cut limestone
blocks in such a way as to suggest two huge stone hulls, may have been symbolic boats forming
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an eternal pair of royal vessels traveling together in parallel to one another Similar to and yet
different from the Unas stone boats is a vessel shaped entirely out of brick that was found on the
south side of the Fifth Dynasty Sun Temple of Niuserre at Abu Ghurab, north of Abusir (Goelet,
1999, 230-236).
The concept that two funerary boats were deliberately placed in direct association with
one another is supported at several sites, including Giza. But there the two Khufu boats are not
set parallel to one another, each on a separate east-west line, as is the case with the stone boatpits (or stone boats) of the Unas Pyramid. Instead, they are located on a single east-west line with
one in front of the other. But the positioning of two boats set side-by-side is found again in the
Sixth Dynasty tomb of the official Kagemni at Saqqara, where two empty boat graves were
discovered next to one another on the roof of the. Less certain but still possible is that two boats
were intended to be buried next to one another in a room of the tomb of the Fifth Dynasty
official Ptahshepses at Abusir (Altenmüller, 2002, 271).
1.3.1. The Dahshur Boats
In 1893 the well-reserved remains of five (or possibly six) boats that had been buried in
association with the funerary complex of the king Senwosret III (1878-1841 BC) were
discovered next to his pyramid at Dahshur. Given the uniqueness of the Dahshur boats and the
way in which they provide useful comparisons to the much older Khufu boats, this appendix will
summarize the basic characteristics of the Dahshur boats and what they tell us about ancient
Egyptian boat construction.
The Dahshur boats were found buried in sand in a cache beyond a temple complex outer
wall constructed during a secondary building phase of Senwosert III’s mud brick pyramid in
Dahshur. The boats were discovered in 1893 by the archaeologist Jean-Jacques de Morgan, who
initially reported that he had found six vessels but later said that five boats had been uncovered.
Some scholars believe that they are not royal funerary boats because of their simple designs and
relatively small size in comparison to Khufu’s funerary boats (Creasman, 2005, 2010 2010; my
purpose over the next several pages is to provide a body of basic information about the structural
characteristics of the Dahshur boast, and my comments draw heavily upon the work of Paul
Pearce Creasman, perhaps the world’s foremost living authority on the Dahshur boats).
At least four of the Dahshur boats still exist. Two are on display in the Egyptian Museum
in Cairo and will soon be transferred to the new Grand Egyptian Museum; the third is on display
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in the Carnegie-Mellon Museum in Pittsburgh, Pennsylvania; and the fourth is in the Field
Museum in Chicago, Illinois. But there is controversy concerning the existence of the fifth boat.
A few scholars believe that the fifth boat is somewhere in Europe, while others believe that it
was used as firewood (Creasman, 2010).

Fig 1-34: A Dahshur boats in its burial place. 1895.

Fig 1-36: The Dahshur Boat on display in the
Carnegie-Mellon Museum, Pittsburgh

Fig 1-35 CG 4925 in the Cairo Museum, the white boat”

Fig 1-37: CG 4926 in the Cairo Museum, the “red boat”

One source of confusion is that while discussing one of the boats, De Morgan included
drawings of two boats, which he described as the “white” and “red” boats. After many years of
study of the four surviving boats, scholars have concluded that the “white” boat De Morgan
mentioned in his report is one of the two boats in Cairo Museum, catalog number CG4925.
Therefore, the other boat in the Cairo Museum is probably the “red” boat, CG4926. But why De
Morgan identified one boat as “white” and the other as “red” is uncertain. Creasman notes that
each boat appears to have had a trace of color; the white boat seems to have had a white trace,
and the red boat had a red trace. (Creasman, 2010).
1.3.2. Similarities and Differences between the Boats in Cairo, Chicago, and Pittsburgh
The Cairo “white boat,” CG4925, has a rectangular cross section in the beams, while the
Cairo “red boat,” CG4926 and both boats in the United States have inverted T-shape sections in
the beam, which provide a ledge or “rabbet” where the deck planking is placed. Both the “white
boat” and the Chicago boats have many wooden pegs, each about 1-1.5 cm in diameter, that
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secure the deck planks to the beams. But the Pittsburgh boat has only a few such pegs, while the
“red boat” has no such feature. The “red boat,” CG4926 is the only one “with a full complement
of deck planks, of which less than 25 % have peg holes . . .. The pegged planks were probably
concentrated at the fore-most areas of CG4926 where small holes in the beams correspond to peg
holes in planks” (Creasman, 2010, 106). The white boat is the only boat that has deck planks that
cover the whole surface of the beams. But all Dahshur boats’ deck planks were secured to the
beams with pegs (Creasman, 2010, 120).
1.3.3. Beams
Creasman believes that each boat has no fewer than 11 beams, while De Morgan’s report
lists only 8 beams. By comparing De Morgan drawings and the actual beams, one sees that there
are three beams missing in his drawings. (Creasman, 2010, 108). The longest boat is the “white
boat” at about 10.22 meters, even though De Morgan wrote that it is 10 meters only. According
to the De Morgan records, the four boats once had decorative finials in both the stem and the
stern of the hull — perhaps papyrus bud form, as found in the First Khufu Boat. However, no
such decoration exists today. The only evidence that De Morgan’s records are correct is based on
the presence of two or three mortises at the end of each central strake in all the four boats.
Creasman suggested that “these mortises could have functioned to secure finials carved into the
stern of the white boat.” (Creasman, 2010,110).
1.3.4. Falcon Heads
The Dahshur boats featured
carved falcon heads that
present the god Horus, six
heads for each boat. There
are two on display fixed on
the beam of the “white
boat” in the Cairo
Museum, and another on
display on the top of a

Fig 1-38: The falcon head of the “white boat,” CG4925 (photo by the author)
”

rudder stanchion on the red boat. Each head is about 14.5 cm long, 13.3 cm wide at the bottom,
7.5 wide at the top, and 11 cm thick. Creasman believes that there are four additional falcon
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heads in the Cairo Museum storage, but when I asked staff at the Cairo Museum about this on
Tuesday 17/12/2019, I was told that they didn’t know about them. Creasman also wrote that the
pigment trace on the falcon heads in storage are proof that they were once colored, with blue
wigs, yellow faces and green eyes (Creasman, 2010).
1.3.5. Steering Oars
According to my observations from photos of the four boats, each boat has its own steering
oar(s) but they are all in poor condition, especially the ones in the Cairo Museum.

Fig 1-39: the red boat, CG 4926. The steering oar has separated, especially the blades (photograph by the author)

1.3.6. Mortises in the Timber
Creasman notes that, according to Reisner’s report, there is evidence of ancient reuse of
wooden pieces in the “red boat,” CG4926. Creasman suggested that most of the hull planks were
reused due to the multiple mortises that the planks have. He believes that the cedar was imported
but that ancient Egyptian boatbuilders reused some older planks instead of producing new ones.
Creasman not only suggested that planks were reused in this boat, but he also suggested that
there are more peg holes than necessary, while the deck planks are too few for so many holes. In
fact, Creasman is probably correct, but why would the boatbuilders of such a strong and
powerful king as Senwosret III reuse older wooden pieces in building his funerary boats instead
of acquiring new pieces? The issue remains unexplained (Creasman, 2010).
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Fig 1-40: On the right side, we can see the multiple mortises that Creasman
noted in his article. Red boat, CG4926. Cairo Museum (photograph by the author)

1.3.7. Mortise-Tenon Joints
Two methods of construction appear to have been employed in the construction of the
Dahshur boats: (1) thick planks edge-joined with deep mortise-tenon joints, and (2) large and
long mortise-tenon joinery. As we can see in figure 1-40, the ancient boatbuilders secured the
hull’s stability and strengthened it by using thick or bulk planks and deep mortises with long
tenon joints to adjust the timbers. The measurements of the tenons are about 7.5 cm wide at the
center, by 1.8-2.0 cm think, and 15 to 25 cm long; the actual dimensions of each tenon vary
depending on the location in which they were used in the boat. Chemical analysis was made, and
they found what appears to have been glue or adhesive only on the interior and the edges of some
mortises. (This was found in the mortises of the First Khufu Boat as well.) The “holes at each
end of the beam indicate that large treenails, measuring approximately 2.5 by 3 cm were
originally secured in section.” (Creasman, 2010, 116). Traces of anchored stanchions are visible
on the bottom of the white boat; they were used once as support, especially for the long beams
near the midships.
1.3.8. Modern Repairs or Replacements
There are many modern repairs and replacements in the Dahshur boats that are on display
in Cairo, Chicago, and Pittsburgh, and most of them are visible. Creasman believes that the
pegged mortise-tenon joints of Cairo boats are modern replacements and not the original work of
the boatbuilders (Creasman, 2010). I agree with him after having visited the Cairo Museum and
observed myself what I am sure are modern repairs. There are several modern tenons that have
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replaced the ancient ones, and these are very visible: their color is lighter, and the texture of the
wooden surface is that of very new wood and cannot be ancient.

Figure 1-41 and 1-42: Modern tenons of the two Dahshur boats on
display in Cairo, CG4925 and CG4926 (photographs by the author)

1.3.9. Dovetail Joints and Lashings
The dovetail joints that one finds in the Dahshur boats have generated many questions
and arguments among scholars. Some of them have suggested that dovetail joints replaced
lashings, while others suggested that neither dovetail joints nor lashings were used by the ancient
builders of the Dahshur boats. As for Creasman, he asked an Egyptian conservator who worked
in the Cairo Museum about this matter, and he concluded that all the dovetail joints in the Cairo
boats are modern repairs or replacements. Creasman also confirmed that there is no evidence of
lashing in the two boats in Cairo Museum. (Creasman, 2010). Based on my own observations, I
believe that neither dovetail joints nor lashing exist in the two boats in Cairo Museum.
Therefore, I believe that modern repairs were used to reconstruct the two boats. Not only are the
dovetail joints modern, but the metal clamps that support the two hulls are modern work for the
purpose of holding the hull together. Also, there are metal nails visible, especially in the red boat,
CG4926; they are modern repair.

Figures 1-43 and 1-44: Dovetail joints from both boats, CG4925 & CG4926 (photos by the author)

41

Figures 1-45 and 1-46: modern metal clamps in the Cairo Dahshur Boats, CG4925 and CG4926.

Figure 1-47: Modern metal nail (photograps by the author)

1.3.10. The Chicago and Pittsburgh Boats
There are modern repair elements and wooden support pieces in all of the Dahshur boats
in USA. Examples include dovetail joints and modern wooden crossbeams that support the
ancient wooden pieces on top.

Figure 1-48: Modern dovetail joints and supporting crossbeams., the Dahshur boat in the Field Museum, Chicago
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Figure 1-49: Modern dovetail joints with a metal crossbeam, the Dahshur boat in the Field Museum, Chicago

Figure 1-50: Here the crossbeams are wooden, and they are modern supports
for the hull (the Dahshur boat in the Field Museum, Chicago; Figures 1-48 to 1-50 courtesy J. Swanson)

1.3.11. Observations and Comparisons between the Dahshur Boats and the Khufu Boats
The four Dahshur boats have many similarities in features and modern repairs. Four of
them display no trace of the use of ropes, although it is possible that there were traces in the
missing parts of the stem and stern. Only the white boat, CG4925, has notable differences from
the other three vessels, and I believe that this was the reason that De Morgan chose to emphasize
it in his records. The condition of the two boats in the Cairo Museum is deteriorating, but the two
in USA are, I believe, in better condition. This is because the places in which they are on display
are well-equipped for such fragile objects, and it is expected that similar conditions will be
present in the Grand Egyptian Museum, to which the Cairo boats will soon be moved. These
wooden objects need a very special atmosphere that simulates the ancient temperature and
humidity, as we have attempted to provide in the Second Khufu Boat project at the Giza plateau.
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Based on my observations of the two Khufu boats and of the four Dahshur boats, I
believe that the techniques of Ancient Egyptian boatwrights did not change much from the Old
Kingdom to the Middle Kingdom. The size of the vessels involved may vary, but in constructed
the Dahshur boats, Ancient Egyptian carpenters followed the same practices as those used by the
Old Kingdom pioneers.
None of the six royal boats under observation — the two Khufu boats and the four
Senwosret III boats — has a mast. The two Khufu boats feature the use of scarf joints and ropes,
but the four boats of Senwosret III have neither. Moreover, Khufu’s boats were buried in
limestone slab pits, while Senwosret III’s boats were buried in the sand. Finally, Khufu’s boats
have oars and steering oars, while Senwosret III’s four boats have only steering oars. Despite
these differences, the six royal boats are similar to the range of boats depicted in wall paintings
and found among wooden models in royal tombs
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1.4. Addendum to Chapter One: List of Royal Boats and Boats Pits dating from
the Fourth Dynasty to the Twelfth Dynasty
BOAT PITS

BOATS

QUEEN’S PYRAMIDS SOUTH OF THE KHUFU
PYAMID, GIZA, DYNASTY 4: 2 PITS HAVE BEEN
DISCOVERED
DJEDEFRE PYRAMID COMPLEX, ABU RAWASH,
DYNASTY 4: 1 PIT HAS BEEN DISCOVERED

NO REMAINS OF BOATS HAVE BEEN DISCOVERED IN
ASSOCIATION WITH THE QUEEN’S PYRAMIDS THAT ARE
PART OF THE COMPLEX OF KHUFU
NO REMAINS OF BOATS HAVE BEEN DISCOVERED IN
ASSOCIATION WITH THE 4TH DYNASTY PIT AT ABU
RAWASH
NO REMAINS OF BOATS HAVE BEEN DISCOVERED IN
ASSOCIATION WITH THE PYRAMID COMPLEX OF KHAFRE

KHAFRE PYRAMID COMPLEX, GIZA, DYNASTY
4: THE LOCATION OF 5 PITS HAVE BEEN
DISCOVERED
MASTABA/PYRAMID OF KHENTKAWES, GIZA,
LATE DYNASTY 4: 1 PIT HAS BEEN
DISCOVERED, WITH THE POSSIBILITY OF A
SECOND YET TO BE FOUND
NIFERIREKARE PYRAMID COMPLEX, ABUSIR,
DYNASTY 5: 1 PIT HAS BEEN DISCOVERED ON
THE SOUTH SIDE OF THE PYRAMID
NEFEREFRE PYRAMID COMPLEX, ABUSIR,
DYNASTY 5: NO PITS DISCOVERED
NIUSERRE SOLAR TEMPLE COMPLEX, ABU
GUROB, DYNASTY 5: 1 BOAT BURIAL
DISCOVERED
UNAS PYRAMID COMPLEX, SAQQARA,
DYNASTY 5: TWO STONE BOATS HAVE BEEN
DISCOVERED NEXT TO THE CAUSEWAY.

SENUSRET, I PYRAMID COMPLEX, LISHT,
DYNASTY XII
SENUSRET III PYRAMID COMPLEX, DAHSHUR,
DYNASTY XII:

MASTABA/PYRAMID OF KHENTKAWES, GIZA, LATE
DYNASTY 4: NO REMAINS OF BOATS HAVE BEEN
DISCOVERED
NIFERIREKARE PYRAMID COMPLEX, ABUSIR, DYNASTY 5:
FOUR BOATS ARE MENTIONED IN THE ABUSIR PAPYRI. NO
REMAINS OF ANY BOATS HAVE BEEN DISCOVERED.
NEFEREFRE PYRAMID COMPLEX, ABUSIR, DYNASTY 5: THE
SCANT REMAINS OF TWO BOATS WERE FOUND IN A
PROTECTED SPACE IN THE PYRAMID TEMPLE
NIUSERRE SOLAR TEMPLE COMPLEX, ABU GUROB: THE
REMAINS OF A BOAT BUILT ENTIRELY OF BRICK HAVE
BEEN DISCOVERED.
UNAS PYRAMID COMPLEX, SAQQARA, DYNASTY 5: THE
STONE BOATS MAY HAVE BEEN INTENDED FOR THE
BURIAL OF WOODEN VESSELS, BUT THE PITS MAY NEVER
HAVE HELD ANY BOATS, AND THE THE STONE BOATS MAY
HAVE BEEN SYMBOLS OF REAL BOATS.
SENUSRET I PYRAMID COMPLEX, LISHT, DYNASTY XII:
SOME 40 TIMBERS OF ONE OR MORE BOATS WERE
DISCOVERED.
SENUSRET III PYRAMID COMPLEX, DAHSHUR, DYNASTY
XII: 5 BOATS WERE DISCOVERED. 2 HAVE BEEN
RECONSTRUCTED AND ARE ON DISPLAY IN THE EGYPTIAN
MUSEUM, CAIRO; 1 HAS BEEN RECONSTRUCTED AND IS ON
DISPLAY IN THE FIELD MUSEUM, CHICAGO; 1 HAS BEEN
RECONSTRUCTED AND IS ON DISPLAY IN THE CARNEGIEMELLON MUSEUM, PITTSBURGH; THE LOCATION OF THE
OTHER BOAT IS UNCERTAIN, ALTHOUGH IT IS AT LEAST
POSSIBLE THAT THE ITS REMAINS ARE IN STORAGE AT
THE CAIRO MUSEUM.
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The eastern of the two pits on the south side of Khufu’s pyramid that were discovered in
1954 was opened soon after its discovery, and the remains of a large boat were discovered lying
in it. In this chapter I will describe the history of the recovery of this vessel and describe its main
characteristics. The main subject of this thesis is the second boat, but there is an obvious
connection between the two boats, and no one cannot understand the physical character, purpose,
and symbolic significance of either vessel without understanding the other.
The first Khufu boat was discovered in 1954 by Kamal El Malakh in a pit that measures
43.3 meters long and 5.9 meters wide. The pit contained a dismantled boat. The boat was in more
than a thousand separate pieces, since it had been taken apart piece-by-piece in antiquity before
being placed in the pit, which is one of the reasons why it took conservator Ahmed Youssef
about 10 to 14 years to reconstruct it. The boat was in relatively good condition and this made
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the job of reconstruction less challenging than that of the second boat, the pieces of which were
found in poorer condition.
The dismantled boat was deposited in several layers on top of one another in order to fit it
into the pit. The total number of wooden pieces found in the first pit was 1,224, “with different
sizes ranging from pegs a few centimeters long to the two huge, twenty-three-meter timbers that
would eventually form the central sections of the sheer or top strakes on either side of the ship.”
(Jenkins, 1980, 83). The vast number of wooden pieces made it difficult to reconstruct the boat.
Additionally, there was limited information about ancient shipbuliding and the different types of
boats depicated in reliefs, wall paintings, and boat models from royal tombs. Among other
things, a critical factor in understanding the internal construction of ancient vessesls such as the
Khufu boats was only discovered in 1893, when Jacques de Morgan excavated the Dahshur boats
of King Senwosret III. De Morgan noticed that Hieratic signs were marked on many of the
wooden pieces — signs that indicated which section of the boat the piece belonged to. The most
important clues for Ahmed Youssef in reconstructing the first Khufu Boat were similar markings
on the pieces of the Khufu vessel. Figure 2-2 below is copied from Nancy Jenkins’ description of
the First Khufu Boat in The Boat Beneath the Pyramid: King Cheops' Royal Ship, and according
to Jenkins, “Four general classifying signs were used to indicate forward, port and starboard, and
aft, port and starboard, quarters of the ship. Most of the timbers were marked with one of these
signs to indicate where they belonged” (1980, 87).

Figure 2-2: Hieratic signs used to indicate which section wooden pieces
belonged to in the first Khufu Boat (Jenkins, 1980)

According to hieratic specialist, Wolfgang Helck, these signs were of special use to Ahmed
Youssef because they “represent broad general classifying words that refer not just to ships but
to almost anything constructed or under construction.” (Jenkins, 1980, 87). Besides these signs
on the wooden pieces of the boat, there were other signs
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on the pit’s walls that indicated
directions such as left/right side and
east/west. (The Second Khufu Boat
has the same indications on both the
wooden pieces and the pit’s walls.)
Ahmed Moustafa restored the first
boat using these markings and twoand three-dimensional images of
boats, as well as studying
contemporary boat-building

Figure 2-3: The wooden pieces as found in the first pit.
(https://maritimehistorypodcast.com/wpcontent/uploads/2014/05/books.jpg?x85308)

technology. In the end the boat he re-constructed was about 44 meters long, had a cabin, a
canopy near the prow, and twelve steering oars. Whether this reconstruction is totally accurate or
not is an open question, but certainly he did a magnificent job in reconstructing a massive
ancient Egyptian boat for the first time.

Figure 2-4: Wooden pieces wrapped up with the original
ropes of the boat (Jenkins, 1980. 76)

Figure 2-6 (right): A huge number
of ropes together found in the
bottom of the first boat pit; similar
rope has been found as in the
second pit (Jenkins, 1980, 76)

Figure 2-5: The pit’s floor with some beams
(Jenkins, 1980. 76)
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The ancient workmen who built this boat employed four principal means to connect
different planks together: (1) scarf joints, (2) Mortise-Tenon joints, (3) V-shaped lashing holes
for the ropes, and (4) rope lashings.
(1) Scarf Joints: To stabilize a huge hull like that of the Khufu boat, ancient Egyptian
boatbuilders used scarf joints between the long think planks. A scarf joint lies diagonally
between two horizontally abutting planks.
For example, in Figure 2-7, the “scarf”
joint is edge-to-edge joined. In the Second
Khufu Boat, we have the same method,
especially with the long thick planks,
which are made of Lebanese Cedar wood.
Fig. 2-7: A scarf joint in the first boat

Some of us call them projected or curved

joints. In Figure 2-8, a sketch
that provides a horizontal view
of the First Khufu Boat is
accompanied by a sketch that
depicts the strakes (the long
planks of wood) of the boat’s
hull. The strakes are joined
together by scarf joints arrayed
edge-to-edge.

Figure 2-8: Sketch of the strakes of the hull of the First Khufu Boat
(Jenkins, 1980, 98)

(2) Mortise-Tenon Joint: A mortise is a hole, niche or recess cut or drilled into something such
as a piece of wood, so that the piece of wood can be connected to another piece of wood that
bears a projection that fits snugly into the
mortise. Such a projection is called a tenon, and
the point of connection is called a mortise-tenon
joint. Another type of mortise-tenon joint occurs
when a tenon is a separate piece of wood or
other material that fits snugly into mortises cut
or drilled into two pieces of wood, thereby

Figure 2-9: Mortise-Tenon joint
(Yoshimura, 2009).
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joining the two pieces together. For thousands of years craftsmen have been using mortise-andtenon joints to bind two separate objects together, and the First Khufu Boat features many such
joints. From working with the Second Khufu Boat wooden pieces, I am personally aware that the
mortise and tenon joint was a simple and effective ancient Egyptian method for joining two
wooden planks together.
(3) The V-shaped lashing holes for the ropes: There are a multitude of V-shaped cuts in the
wooden pieces of the boat. Some of them are in three sequences and others in four, and this
depends on the wooden pieces connected or rejoined together. Ropes were threated through these
cuts to tie one plank to another and then another in process similar to sewing. The First Khufu
Boat (and the second boast as well, as the recovery of the second boat has documented) are the
most monumental early examples yet discovered of “sewn boats,” one of the oldest types of boat
that early seafarers and river-crafters are known to have built.

Figure 2-10: A plank from the Second Khufu Boat with three lashing holes. Its length is 6.5
meters, following the first stage of conservation. (Unpublished photo)

4. Ropes: In figure 2-12 below, we can see that ropes were one of the main methods employed to
lash down battens to seal the seams of the planks. The ropes were made of a local plant called
“Halfa” (Desmostachya bipinnata), and no less than 1949 meters of rope were required to sew
the wooden pieces together, either through the lashing holes or edge to edge. Also, we can see in
figure 2-11 that curved frames were used to hold the internal hull together, and there are 16
frames shaped to fit the beams that hold them. In addition, there are 16 crossbeams to hold the
beams together with the ropes and the frames. Jenkins said that these frames were Lebanese
cedar; however, in the Second Khufu Boat the frames are both cedar and local wood
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(Unpublished information). Frames were inserted and lashed to the hull planks to give more
inner strength to the wooden pieces.

Fig 2-11: the internal structure of the hull: planks attached or joint together with frames,
cross beams, and ropes (Jenkins. 1980. 98)

The Reconstruction of the First Khufu Boat by Ahmed Youssef
The reconstruction of such a sophisticated and unique ancient royal boat as the First
Khufu Boat was difficult because the restorer or the modern shipbuilder must consider the
original shapes and the curves of the timbers of the hull. This was one of the challenges that
Ahmed Youssef faced in reconstructing the First Khufu Boat, and the strategies that he employed
have been carefully studied by the members of the Second Khufu Boat Project. For example, it is
the responsibility of Kurokochi Hiromasa, site director of the Project and a prominent Japanese
shipbuilder, to ensure that every ancient curve, projection cut, and unique angle of every wooden
piece is left in its original shape. (Note: As used in the paragraph above, the term “shipbuilder” is
a translation into English of a Japanese term that describes someone who is an authority, usually
an academic expert, on how boats and ships are constructed and how they function. It does not
necessarily describe someone whose profession is building ships. Elsewhere in this thesis, the
term “shipbuilder” will be employed with the meaning of an acknowledged authority on the
structure and function of boats and ships.)
According to some scholars, including Jenkins, only a few of the original wooden pieces
of the First Khufu Boat were replaced with modern pieces due to the weak condition of some of
the pieces when they were lifted from the pit. However, it was believed that most of the other
pieces were in good enough condition to be employed in the reconstruction. But from my visual
observations, I believe that there are many modern replacements and not just a few.
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Figure 2-12: The underside of the First Khufu Boat as viewed from the area of the prow (courtesy J. Swanson)

Before reconstructing such a huge hull, some restoration of the original wooden pieces
was required. As Jenkins wrote, the wood had been conserved by Dr. Zaki Iskander, head of the
Chemistry Department of the Egyptian Antiquities Service, before removing them from the pit
(Jenkins, 1980, 88). However, no information is available about what kind of method(s) he used.

Figure 2-13: Photos of the reconstruction of the First Khufu Boat at the site with
modern wooden pieces (Jenkins, 1980, 90-91)

From Figure 13, we can see the modern wood that was used to reconstruct the hull. We
must reconsider that this was in the 1950’s, and the conservation materials available in Egypt
were very limited. However, as a conservator, I am in principle opposed to the use of any
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modern organic material in the reconstruction of an ancient object unless all of the modern
material is clearly identified.
The ancient Egyptian shipbuilders used the fashion of an “outside-in” technique for
building a wooden boat, as well as “the built, edge-joined tradition” (Jenkins, 1980, 93). In other
words, the planks were edge-joined to each other by mortise and tenon joint. In addition, they
used lashing holes to accommodate the ropes that were employed to attach the wooden planks
together, or to tighten them up, and they secured elements internally by wooden frames and cross
beams, and by stitching or sewing through the lashing holes. This method produces a flexible
hull movement that adjusts readily to resistance of any kind — for example, pressure upon the
hull created by the movement of the vessel through water as well as from currents and winddriven water. As Jenkins said: “the strakes in place [allow] a certain resiliency and mobility
under pressure” (1980, 99). All lashing holes and the ropes are situated in the interior; none of
these are located on the outer surface, so the exterior surface is smooth and clear.
Jenkins notes that “talking about curvature of a flat-bottomed ship may present some
problems to those who are unfamiliar with naval architecture. The curvature refers to a line
drawn from bow to stern down the middle of the boat’s bottom, where the keel would be if she
had a keel. A line drawn across the ship, from port to starboard, at any point on the boat’s
bottom, would be straight, because her bottom is flat” (1980, 95). Therefore, Jenkins is very
correct about the curvature of a flat-bottomed ship because any small mistake about this will be
fatal for the outcome result about the original shape of the hull. For this reason, the Japanese
shipbuilder meets daily with all the conservators to secure the original shape of each wooden
piece to ensure the hull’s original shape.
Ahmed Youssef used “moulds,” template pattern forms, to hold the curving parts of the
hull up together until the rest of the reconstruction of the whole boat was done, and the moulds
were removed. (Jenkins, 1980). There is no evidence in any of the reliefs or wall paintings to
indicate that ancient boatwrights used such a technique but, I believe, this was the best choice in
order to reconstruct the First Khufu Boat. (It should be noted that there are few detailed boatbuilding scenes that survive from ancient Egypt, so it is quite possible that such a step was used
in antiquity, but not recorded). (Jenkins, 1980).
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Fig 2-14: the moulds that supported the hull curvature (Jenkins, 1980. 97)

Fig 2-15: the last mould; it was removed after they secured
the hull from the west side (Jenkins, 1980. 97)

As for the stem and the stern carved papyri-form pieces, Youssef believed that they supported
the overall strength of the structure (Jenkins, 1980). Moreover, these two pieces are the main
decorative symbols visible in many boats on wall paintings throughout dynastic history. (As we
shall see, the Second Khufu Boat has the same two pieces.)

Fig 2-16: A model of First Khufu Boat, formerly on display in the now dismantled
museum of the first boat at Giza, both stem and stern carved papyri-forms are shown.
(Courtesy Dr. Kurokochi, the site manager of Khufu’s Second Boat Project)
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The Deck House
The deck house is built in the
midship area. It is a closed space,
with a door with a lock and 10
slender poles that have wood finials
carved in the form of palm capitals
to support its wooden roof. The deck
house is 9 meters long and 2.5
meters high. Deck houses are a
common feature of sacred

Fig 2-17: the interior of the main cabin showing some of the
papyrus bud form of the slender poles (Jenkins, 1980, 105)

barques depicted in temple reliefs, and when caried in procession the cult image of a god resided
inside the deck house. In the case of the First Khufu Boat, is likely that the deck house served as
a cabin for an important person who did not want to be seen from the outside crew. Or it was
built for the king’s mummy which could not be seen by anyone except the priests.

Fig 2-18: A sacred barque in procession, from the Second Hypostyle
Hall of the Temple of Edfu (courtesy J. Swanson)

In front of the deck house is a deck
canopy with 10 slender wooden columns
that have palmette finials on the top like
the wooden columns of the canopy that
covered the bed of Queen Hetepheres,
the mother of Khufu; the bed was

Figure 2-19: the wooden door lock from inside the deck cabin
(Jenkins. 1980, 15)

55
discovered in her tomb at Giza. These 10 slender columns supported a roof beam that functioned
as a canopy.

Figure 2-20: The reconstructed canopy with 10 slender columns that support its wooden sunshade. Ahmed Youssef
was guided in the reconstruction of the canopy by referring to a fragment of a relief of the Vth Dynasty King
Sahure. We now know that the Second Khufu Boat had an essentially identical deck canopy with similar papyrusform buds. (Photo courtesy of J. Swanson.)
Fig. 2-21: On the left side is one of the columns from
the bed of Queen Hetepheres found in her tomb. Fig
2-22: On the right side is an example of one of the
First Boat roof’s support for the deck canopy. It is a
papyrus bud shape. In the Second Khufu Boat we
have the same roof support, which we call pillars
(Jenkins, 1980, 68)

Ten large oars of different sizes were recovered from the pit of the First Khufu Boat
together with two steering oars that would have been attached to the stern. Several scholars
believe that this large boat did not need the ten oars to move in the river because such boats were
towed for ceremonial events. Regardless, the ten large oars were probably too large to have been
used efficiently by oarsmen, and it is likely that they were used only to direct the boat in its path.
This means that all twelve oars found in association with the First Khufu Boat were essentially
steering oars used to turn the boat and maintain its stability in the river. In addition, there was no
trace of rowing oars or of a mast among the materials that ancient boatbuilders buried in the pit.
There is therefore nothing that suggest that the boat was intended to be either rowed or sailed
(Jenkins, 1980).
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Figure 2-22: The First Khufu Boat with its 10 oars. (Photo courtesy of J. Swanson.)

Analysis of the Construction and Reconstruction of the First Khufu Boat
In trying to understand the methods employed by ancient Egyptian boatwrights we are
dependent upon limited information from two and three-dimensional images. The first Khufu
Boat was in pieces when it was discovered, and after many years of research and study, Ahmed
Youssef and his team finally reconstructed this huge royal boat. They used modern wood to
replace severely deteriorated wooden pieces and temporary moulds to hold the internal parts
together, which they removed when they were finished reassembling the internal parts. This
aside, the question is, did Ahmed Youssef and his colleagues reconstruct it a way like that of the
ancient builders? The question cannot be answered persuasively at present, although it is
expected the on-going recovery and analysis of the Second Khufu boat may provide evidence
that will begin to provide answers to this question.

57
The First Khufu Boat is a completely unique survivals from the ancient past. In shape and
technique, it is a tribute to the skill of the boatwrights of the Fourth Dynasty, and its survival
adds immensely to the charm and majesty that many ascribe to the Old Kingdom. But for many
years scholars had only the first boat to work with, and the recent recovery of the second Khufu
Boat by the Japanese Mission, together with their Egyptian colleagues, is adding crucial new
information to our understanding of the first boat. As will be discussed in greater detail in
Chapter IV, the Second Khufu Boat is very similar to the first one, but the extraction process
revealed some important items that were not found in association with the first boat.
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CHAPTER THREE: KHUFU’S SECOND BOAT —
RECOVERY, CONSOLIDATION AND CONSERVATION
This chapter will describe the history and process of the recovery of the second Khufu Boat
(Sections 1-7 below). It will then provide examples of the types of objects that have been
recovered, how these items were conserved, and identify some of the new insights that discoveries
made while the second Khufu Boat Project are providing (Sections 3.11-3.14 below).

3.1. History of the Boat’s Discovery and the Decision to Extract the Vessel
The Egyptian mission working on the first boat focused on opening and excavating the
boat pit, following which Haji Ahmed Youssef reconstructed the boat that was found in there.
The second pit was left untouched in order to finish excavation and clearance of the first pit
before starting work on second one, and to establish protocols to work on it. However, it took
them more than 16 years to reconstruct the first boat and many more years to complete the work.
(Most of what follows in Sections 3.1-3.10 is based on personal communication with Dr. Sakuji
Yoshimura, head of the Japanese archaeological mission in Egypt, and his Japanese and
Egyptian colleagues in the Second Khufu Boat Project.)
From 1985 to 1987, the Japanese mission headed by Dr. Yoshimura was engaged in two
projects at Giza, “the high technology survey of Giza Pyramids: ground penetrating radar in
Khufu Pyramid in the grand gallery leading to the king’s chamber and in the queen’s chamber,”
and “the secret of the Great Sphinx, under its surface by CT scanning.” However, in 1987 the
Egyptian government, with no formal explanation, did not renew the permission of these projects
for additional seasons of work. Therefore, Yoshimura decided to review and study the area of the
second Khufu boat bit, and began to prepare a proposal for the excavation, extraction, and
conservation of Khufu’s Second Boat. He submitted this proposal and waited for approval and
permission for this new project: “excavation, extraction, and conservation of Khufu’s Second
Boat.” However, at the same time Dr. Farouk El-Baz, the well-known Egyptian scientist who had
worked with NASA in 1970s in a few well-known projects, such as geological training for
several of the Apollo astronauts who landed on the Moon, submitted a request for permission to
work in the second pit.
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Dr. El-Baz, who had recently been appointed Director of the Center for Remote Sensing at
Boston University and who was a famous figure in Egypt, was then granted approval by Egyptian
government to work in the second pit. In 1987, Dr. El-Baz and his colleagues started their work,

Figure 3-1: The south side of Great Pyramid of Khufu in October 2021, following transfer of the First Khufu Boat to
the new Grand Egyptian Museum; the white building at the base of the pyramid is the work site of the Second Khufu
Boat Project team, where the second boat pit is located, and to the right is the old museum, now being dismantled,
that housed the First Khufu Boat until it was moved to the Grand Egyptian Museum (courtesy J. Swanson)

Figure 3-2: The south side of the Great Pyramid in 2003, viewed from the west. The museum that housed the First
Khufu Boat until fall 2021 dominates the center-right of the photograph. Below and before it is the “Old Hangar” that
covered the site of the second boat until the Japanese-Egyptian Second Khufu Boat Project began the work in 2009
that led to the extraction and conservation of the second boat (courtesy J. Swanson)
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together with the National Geographic Society, which provided funds and equipment that
permitted the team to make a hole in one of the slopping stones that covered the second pit. They
then put through this hole a tube with an attached camera, and the camera not only confirmed the
presence of the remains of a second boat, but it also revealed the presence of some insects in the
pit — meaning that the second pit was not hermetically sealed by rock and sand from the
surrounding environment. They then decided to spray gas into the pit to kill these insects, following
which they went back to the United States to carry out some studies. At this point, Dr. El-Baz
informed the EAO — the Egyptian Antiquities Organization — that he and his team would have
to withdraw from the project of opening the second boat pit. The reason for this withdrawal after
they had received working approval remains uncertain. It is possible, however, that the decision
was related to the fact that it was now clear that this kind of critical archaeological work would
require specialists in the fields of archaeology, Egyptology, and conservation, and Dr. El-Baz with
his team of scientists were not specialists in these three fields.
At this point, Zahi Hawas, the general director of the Giza plateau area, contacted
Yoshimura and informed him that the SCA had given him the permission to take on the project of
recovering and conserving Khufu’s Second Boat. Yoshimura embarked on the mission with vigor.
In 1992, after nearly a decade of negotiation with the SCA, Dr. Yoshimura and the Japanese
mission started the project of excavating Khufu’s Second boat. Dr. Yoshimura’s team began by
cleaning the sand and rocks that were covering the pit of the Second Boat. After cleaning the area,
the cover stones were fully revealed, and the excavators realized that those stones are
approximately the same size and the width of the First Boat’s “sloping” stones, as earlier scholars
called them.
After they cleared the area, the stone sealing blocks were revealed. The ancient Egyptians
put the stones in place after they buried the royal boat in the pit. There were total of 40 cover
stones, all of limestone, and they had been set on ledges that allowed them to cover the pit. 40
cover stones closed the pit. They stood at a 90% angle to the horizontal, one next to the other.

Figure 3-3: Sketch of a lengthwise view of the second pit, with several sealing
blocks shown on the ledge above the remains of the second boat

61

Yoshimura assigned specialists to cover the pit area with a hanger or a tent construction
to protect the surrounding environment and make it possible to investigate what was buried in
the four-meter-deep pit. By the end of 1992, the Japanese specialists were ready with a camera
probe to enter the small hole in one of the cover stones that had already made by El-Baz’s team
and the National Geographic Society in the 80’s. The camera entered this small hole, and while
the Japanese team did not find any insects, they saw that the wooden pieces of a large boat were
still there. Therefore, Yoshimura gave the green light for the project to move forward, although,
for reasons that will now be described, it took many years before actual work began at the site.
Taking of a wooden sample from a small hole in one of the sloping stones
In 1993 Dr. Yoshimura, brought a Japanese team to take a sample of the wooden pieces
in the pit. They had to choose a wooden fragment in such a way as not to disturb any
archaeological evidence of the Egyptians burial order. The team found a wooden fragment that it
was able to pull out carefully and successfully through the same small hole that was made by ElBaz’s team in a sloping stone of the pit. This wooden fragment sample was immediately sealed
in a special box made for the purpose of identification and scientific dating analysis. The
analyses revealed that the boat was made of Lebanese cedar dated to 4,500 years ago. Then, Dr.
Yoshimura returned to Japan to prepare for the extraction, restoration, and reassembling of
Khufu’s second boat. This included the planning and preparation necessary to bring back a team
from Japan to lift the sloping stones over the pit and start extracting the remains of the boat.
This proved to be a difficult task, as it took Yoshimura 16 years to acquire the necessary
funding as well as the necessary approvals from both governments, Japanese and Egyptian, for
this project. From 1993 until 2009, the pyramid’s ancient enclosure wall was still on top of the
second pit, but the sand over the sloping stone of the pit was totally cleaned by the Japanese
mission. In 2006, after the sloping stone area had been cleared, the Japanese mission started to
build a small hangar to protect the pit’s environment and maintain the correct temperature and
the humidity.
While Yoshimura was searching for funding, he was also looking for a future museum in
which Khufu’s Second Boat could be preserved after the reconstruction stage. Fortunately, the
Grand Egyptian Museum (GEM) project was under consideration for support from the Japanese
government thanks to Dr. Yoshimura’s recommendation for such huge international projects; it
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was Dr. Yoshimura’s dream to have a huge Museum in this area so its panorama would include
the pyramids’ plateau. In 2008 the Japanese International Co-operation Agency entered into a
formal agreement with Egypt’s Ministry of Culture to provide financial and technical support for
the construction of the GEM, including the development of its Conservation Center.

3.2. History of the Opening of the Second Boat Pit
The photographs and diagrams that appear on the following pages document the history
of the opening of the second boat pit and the extraction of the Second Khufu Boat from it. The
photographs and diagrams were prepared by the Japanese team as documentation of the work on
the Second Khufu Boat project, and they appear here with the kind permission of Dr. Yoshimura,
the general director of the Japanese mission and Khufu’s Second Boat Project, and Dr. Hiromasa
Kurokochi, the site manager of the Second Boat Project, who took many of the photographs
himself. Therefore, only the author can use the photographs, diagraams, and sketches that appear
in this thesis. Others who may be interested in making use of them must take the permission of
both the Egyptian Ministry of Antiques and Tourism and of Dr. Yoshimura.
3.2.1. Construction of the New “Hanger” that covered the Pit Area
The first step in the process of opening the second boat pit was the construction of a huge
new building or “hangar” to cover the pit area. At the time the Japanese mission began its work,
the First Khufu Boat had already been extracted from its pit and reconstructed. It was displayed in
a specially built museum on the south side of the Great Pyramid located directly above the pit in
which it had been found. Immediately to the west of the museum was an old hanger, which covered
the western or “second” pit. Following the work of Dr. El-Baz’s team in 1987, as confirmed by
the Japanese mission in 1992, it was known that a second boat was located in the western pit.

Figure. 3-4: the first boat in its museum

Figure 3-5: the second boat in the pit
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3.2.2. Situation before the Start of the Project (June 2009)

Figure 3-6: General View of the site (from the west): in the center is the Giza Boat Museum that
exhibited the first Khufu boat until October 2021; to the right is the old hanger that protected the pit

Figure 3-7: Old hanger that protected the pit exterior
(above) and interior (blow)

Figure. 3-8: Site plan of the pyramid area, Giza
Plateau. Wasesa University, from the Primary Survey
of Khufu’s Second Boat Project at Giza, Egypt.
Advanced in Science, Technology and Enviornment,
Vol. B3, 2002-3. p. 4, fig. 2

The construction of the new hangar began in 2009 with the laying of a concrete base
on the ground without any digging on the bed rock of the southern side of the Khufu’s pyramid.
All the materials that were used in building this structure were made in Japan and brought to
Egypt from there. For example, the framework of the building was made of Japanese steel, and
the exterior of this huge hanger was covered by ultraviolet cloth attached by ropes. All the
construction work was carried out by hand in order to preserve the archaeological area. For
protecting the interior area, especially the pit and its contents, powerful central air conditions and
humidifiers were installed. Emitters in the pipes for sterilization were provided by Japanese
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specialists to avoid any environmental damage. It was important to put air conditioning inside
the pit area because the climate in the pit was wet, and the same climate had to be maintained to
facilitate extracting the wooden pieces.
3.2.3. Construction of Facilities for the Opening of the Pit (July 2009 - April 2011)

Figure 3-9: The site enclosure screen fence (July 2009).

Figure 3-10: The site plan of the working area for this project in the southern side of the pyramid of king Khufu
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3.2.4. Excavation of the Pyramid Enclosure Wall (March- April 2010)

Fig. 3-11: Excavation and removal of the Pyramid southern enclosure wall

Figure 3-12: The Pyramid southern enclosure wall
before Excavation

Figure 3-13: The Pyramid southern enclosure wall after
Excavation

Figure 3-14: Drawing of the wall and cover stones
before excavation

Figure 3-15: Drawing of the wall and cover stones
after excavation
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3.2.5. Large Hanger (August-September 2009)

Figure 3-16: The site plan of the large hanger

Figure 3-17: Section drawing of the Large Hanger

Figure 3-19: Steel members of the hanger, made in
Japan and transported to Giza

Figure 3-18: Drawing of the wall and cover stones after
excavation

Fig. 3-20: Construction of the new hanger,
completed by manpower without the use of heavy
machines on the archaeological site
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Figure 3-21: Framework of the large hanger

Figure 3-22: Interior of the large hanger

Figure 3-23: The completion of the large hanger

3.2.6.1. Preparing for the Lifting and Removal of the Cover Stones
In 2009, Dr. Yoshimura brought a Japanese team of engineers and construction workers
as well as all the equipment required to remove the cover (or “slopping”) stones and open the pit
after the preservation of the interior environment was properly ensured. A gantry crane was
enclosed within a sealed tent and connected with pipes for air conditioning, so the climate in the
crane would be the same as that in the pit. Inside this tent, there were two winches, each with a
capacity of 20 tons, that were ready for action. To remove the 35 stones from the pit, a cart with
a turntable for changing the direction of the stones and a passage for the cart were made. In 2010,
after all the essential steps had been completed, Dr. Yoshimura’s archaeological team was ready
for the removing and excavating of the southern enclosure wall of the Great Pyramid to be able
to clear and clean the area for the opening of the pit. Before removing the sloping stones, the
Japanese teams made a trail, this trial was made with a steel box filled with sand, concrete block
and steel plates that weighed the same as a sloping stone. All the actual steps of the removal
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process with all the movements were checked regarding the crane, the cart, and the location
where the removed stones would be held. After removing the sloping stones, shelters were
constructed for storing the removed blocks in a suitable environment for preservation.
3.2.6.1. Removing the Cover Stones and Opening of the Pit (June-August 2011)

Figure 3-24: Trial work — preparation of substitutes for the cover stones: steel boxes
filled with sand, concrete blocks and steel plates were used to replace the cover stones

Figure. 3-25: Checking the crane

Figure 3-26: checking the cart

Before removing the cover (or “sloping”) stones, the Japanese experts prepared wooden boards
with the same dimensions of the stones to avoid any shock to the atmosphere in the pit: the
boards were immediately placed in the spaces vacated by blocks of the stone that were removed,
thereby keeping the pit shut and preserving its environment. Later these wooden boards were
replaced with the substitutes for the cover stones depicted in Figure 3-24.
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Figure 3-32: Carrying out the cover stones with
the crane

Figure 3-34: A cover stone on the cart

Figure 3-33: Diagram depicting a cover stone
being carried out by the crane

Figure 3-35: Diagram depicting a cover stone
being lowered by the crane onto the cart

Figure 3-36: Removal of a cover stone on a cart from the large hanger by manpower
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3.2.6.2. Results

Figure. 3-37: Cover stones storage area — 36 cover
Stones were removed from the pit

Figure 3-38: Interior of the Large Hanger after
removing the 36 out of 40 Cover Stones. (4 left on
their original place in the pit).

Figure 3-39: Composite photograph from the crane of the second pit before removal of the cover stones

Figure 3-40: Composite photograph from the crane of the second pit after removal of the cover stones.

On the cover stones there were graffiti and other marks that Dr. Yoshimura’s
archaeologist team members recorded in drawings and photos to preserve this archaeological
evidence before storing the stones in the tents.
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Figure 3-41: Section of the original enclosure wall of the pyramid
showing some characteristics of ancient Egyptian construction

Figure 3-42: A Cartouche, probably representing
the name of the king Khufu

Fig. 3-43: A relief fragment

Fig. 3-44: Conservation of an inscription
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3.2.6.3. Archives

Figure 3-45: Cover Stone No.21

Figure 3-46: The Cartouche of the king Khufu (all
graffiti were documented and traced)

Figure 3-47: Drawing of the five faces of the cover stone No, 21 (all cover stones were documented and measured)
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3.3. 3D Scanning of the Right after Removing the Sloping Stones and Selection
of Samples of Material from the Pit for Analysis
To preserve the surface of the first layer of wooden pieces of the boat, Japanese experts
recorded data by laser scanning of the surface of the pit in addition to photographing the surface
in detail.

Fig. 3-48: 3D Laser Scanning inside the pit. The first 3D data of all the
wooden timbers of the surface were recorded before a few fragments of wood
were removed for sampling

Figure 3-49: Part of the results of 3D scanning

Fig. 3-50: The whole pit with
all of its wooden pieces
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After these documentations were completed, a team of both Japanese and Egyptian
conservators went down into the pit via a specially made elevator, and a few wooden samples
were chosen by the two teams for analysis on site for inclusion in the database: 18 wooden
sample pieces for analysis in Egypt, and 14 for analysis in Japan. This analysis included material,
original function, volume, weight and moisture content, and photos were taken to identify the
original position of each sample in the pit as well.

3.4. Sampling

Figure 3-51: Sampling (20-26/02/2012): Egyptian and Japanese conservators selecting and taking samples of wood

Figure 3-52: Analysis at the site: some analysis, such as taking measurements of weight and
moisture content; 3D laser scanning; and photographing were done at the site, in the pit area
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Fiure. 3-53: Part of the wooden samples which were taken from the boat:
18 samples for analysis in Egypt and 14 samples for analysis in Japan

The following analyses were conducted on the pieces in this sampling in the respective institutrs
in Japan and Egypt to which they were sent.
1. Identification of the species of wood
2. Carbon 14 dating
3. Scientific Analyses:
(a) FT-IR (Fourier Transform Infrared)
(b) XRD (X-ray Diffraction)
(c) DSC (Differential Scanning Calorimeter)
(d) Examination of surviving pigments on the surface of the wood
(e) Composition of the wood (cellulose, hemicelluloses, lignin and ash)
4. Microbiological analysis
5. Consolidation test
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3.5. Database

Figure 3-54: An example of the database register, including photographs of the sample and its original
position in the pit, material as well as descriptions of its original function, volume, weight, and
moisture content were recorded before any action was taken.
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3.6. Analysis of the Wooden Sample Pieces, 2012-2013
It took both teams, the Japanese Gangoji Institute of Cultural Properties and the Grand
Egyptian Conservation Center, a year from March 2012 until March 2013 to decide and choose
the most suitable conservation materials for the first major stage of the project, which was
scheduled for 2013-2020. The project had to lift all the wooden pieces from the pit and move
them to the site laboratory that was built in the huge hanger just in front of the pit area.
3.6.1. Analysis Wooden Pieces and Tests of Consolidation (March 2012-March 2013)

Figure 3-55: Grand Egyptian Museum Conservation
Center (GEM-CC)

Figure 3-56: Gangoji Institute for Research of Cultural
Properties; Mr. Eissa Zidan, on the right, watches the
conservation of wood in Gangoji Institute (March 2012)

Species of Wood and Plant
After the identifications of the wooden sample pieces at the
Gangoji Institute in Japan, one sample was identified as
Vachellia niloctica, and two samples were identified as
Gramineae (“The grasses, a family of monocotyledonous plants
in the order Cyperales characterized by distichously arranged
flowers on the axis of the spikelet” (Error! Hyperlink reference
not valid.), and flax (Linum usitatissimum, of the family

Linaceae, [which] produces fiber from which linen is made and
seed from which linseed oil and linseed oil meal are derived,”

Figure. 3-57: Vachellia niloctica.
(from http://www.planttes.
com/?page id+65&lang=en)

from Industrial Gums, Third Edition, 1993).
One of the samples studied in Egypt was identified as a juniper (Cupressaceae-Junipers,
which “is an evergreen groundcover, shrub, or tree that is extremely adaptable and urban
tolerant. Juniper has many species and cultivars that differ in habit, size, and color. It is a
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workhorse evergreen woody plant that represents tremendous variability within a genus”
(https://plantfacts.osu.edu/pdf/0246-614xx.pdf). The other was identified as Pinaceae-Cedrus
Liane, which is a kind of Lebanese cedar tree from “a horticultural plant group. It has a disjunct
distribution in the Mediterranean region and western Himalaya” (National Library of Medicine
at https://www.ncbi.nlm.nih.gov/pmc/artices/PMC2533594/).

Figure 3-58: Identifation of the wood and textiles
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Carbon 14 Dating (“Cal” means Calibrated Date)

Figure 3-59: Table of Results of Carbon 14 Dating

Sample No. 1: Wood, 2702BC-2547 BC (61.8%) — Institute Francais D’Archeologie Orientale,
Egypt.
Sample No.1: Wood, 2781-2625 Cal BC (66.9%) — Center of Chronological Research, Nagoya
University, Japan.

Figure 3-60: Sample No. 1 (wood), Sample No. 18 (rope) and sample No. 19 (linen) (left to right)

Sample No. 18: Rope, 2858-2810 Cal BC (23.5%) and 2700-2578 Cal BC (63.5%) — Center for
Chronological Research, Nagoya University Japan.
Sample No. 19: Linen, 2860-2809 Cal BC (25.0%) and 2702-2580 Cal BC (58.7%) — Center for
Chronological Research, Nagoya University, Japan.
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Scientific Analyses: X-Ray Diffraction (XRD), Fourier Transform Infrared (FT-IR), and DSC
(Differential Scanning Calorimeter
All results showed that wood from the sample number 16 had deteriorated, and cellulose
decreased by comparison with the results expected of a normal sample (Grand Egyptian Museum
Conservation Center, and Cairo University).

Figures 3-61, 3-62 and 3-63: Results of Analysis of XRD (left over. FTIR (right over) DSC (left below) of the
Sample No. 16 (GEM-CC and Cairo University). All show the sample wood deteriorated and cellulose decreased.

Fig. 3-64: Result of XRD Analysis of the pigment on sample No. 1 (GEM-CC).
this pigment was identified as Hematite (Fe2O3).
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Figure 3-65: Component Values of Sample No. 1 (Gangoji Institute).
in the case of conifer, a lot of amount of cellulose had disappeared

Figure 3-66: Component Values of Sample No. 3 (Gangoji Institute);
the component of cellulose in the same almost same as that in the sound wood of Vachellia niloctica or Acacia .

Microbiological Analysis

Figure 3-67: Percent of appearance of isolated fungi from the sample wood (GEM-CC)

83

Fig. 3-68: Microscopic Examination of Fungi (GEM-CC) (From left to right
Aspergillus sp., Penicillium, And Cladosporium sp.)

3.7. Preparation for Consolidation and Conservation
3.7.1. Tests of Conservation Materials
In 2012 both teams, Egyptians, and Japanese, started to investigate the conservation
materials that would be the best for the first stage of the project. A Japanese scientist from
Gangoji Institute of Cultural Properties tested some materials on the wooden samples. Specialists
discovered that the condition of most of the Second Boat’s wooden pieces was problematic,
because most of the pieces were deteriorated, partly broken, and/or deformed. Therefore, a
decision was made to rejoin broken parts and to reshape them by using a reversible and effective
acrylic resin for the first stage of the project. First, all the wooden pieces of Khufu’s Second Boat
would be extracted from the pit, and “first aid” conservation would be carried out that would
make it possible to transfer the pieces safely to the Grand Egyptian Museum Conservation
Center (GEM-CC) stores to start the second stage, which would be the reassembly and
reconstruction of the boat.
One of the most important decisions that the project team had to make concerned the
method or methods that would be employed to consolidate the artifacts recovered from the
second pit, including metal items as well as wood. In this context, “consolidation” refers to the
preserving and strengthening of individual pieces and well as the joining together of items that
were originally all part of a single piece. Consolidation treatments with thermoplastic resin by
total immersion at room temperature, also known as cold immersion treatments, are the most
used treatments in conservation practice due to their ease of use, simple and rapid technique, and
the potential final properties they render to the object. These properties include partial
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reversibility, an important property in conservation practice, as well as improved mechanical and
physical strength.
The amount of solid consolidate retained into the structure of a wooden piece undergoing
conservations depends on several factors, such as the treating procedure and treating parameters,
the composition and concentration of the consolidate solutions, the species of wood, and the
conservation state of the wood pieces. Optimization of a practical treating procedure in terms of
solution uptake, improving the adsorption efficiency of the wood pieces being treated, and solid
consolidate retention is therefore essential for an efficient consolidation treatment. Moreover, a
deep and uniform distribution of the solid consolidate, which depends essentially on the
pathways of consolidate penetration, is essential. The solid material with the reinforcing solution
is responsible for achieving the goal of preserving the wooden pieces and making sure that it is
well distributed inside the solution is important (Trăistaru, et.al, 2011, 81-88).
The conservation materials that were chosen for testing were the following:
* Paraloid: It is an acrylic resin that is used worldwide in the conservation field to
consolidate objects, especially organic objects such as the fragile wooden objects
from Khufu’s Second Boat (Ibrahim et al., 2020, 61-71; Koob, 2003, p. 158;
Podany et al., 2001, 1; Rodrigues, 2001,7; and Alonso-Villar, 2019, 1).
* Nanocellulose: It is a light, solid substance obtained from plant matter which
comprises nanosized cellulose fibrils. It is the highest and newest conservation
materials discovery, and this is the reason that the Japanese specialists in the
field, recommended that it be considered for this project (Sharip, 2020, 161-190;
Ludwicka, et al., 2019, 1; and Masoodi, 2012, 570-576).
* Kluecl G: Klucel Hydroxypropyl Cellulose (HPC) is a non-ionic, water-soluble,
cellulose ether: a pleasant-smelling, colorless, volatile liquid that is highly
flammable (Jeyaseelan et al, 2016, 70-76). “It is used as an anesthetic and as a
solvent or intermediate in industrial processes. It has a versatile combination of
properties. It combines organic solvent solubility, thermoelectricity, and surface
activity with the thickening and stabilizing properties of other water-soluble
cellulose polymers. It is extremely flexible without plasticizers, and non-tacky at
high humidity” (see https://ratchford.co.uk/product/cleaners-conditionersfinishes-klucel-g-for-consolidating-flaking-leather-50g/).
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Each prepared sample was weighed to register its initial mass (mi) before being treated by
total immersion for different periods of time in consolidate solutions that had been prepared for
testing. After the immersion treatment, the samples were reweighed (mu). For each treatment a
batch of 5 wood test pieces was used. During the immersion treatments the samples were fixed in
a specially manufactured device of stainless steel to prevent them from floating and to ensure
constant conditions providing for permanent liquid contact on all the surfaces (Figure 1). The
samples were kept during the entire treatment process in airtight boxes to restrict if not
completely prevent solvent evaporation. (For more details concerning the process of
consolidating ancient materials, see Trăistaru, et.al, 2011, 81-88).
It was determined that Paraloid B-72 10 % dissolved in Acetone would be suitable to
stabilize the condition of the wooden pieces and raise their compressive strength to twice what
they are at present. It was also determined that Klucel G and Nano Cellulose were not effective
in raising the compressive strength, but their elasticity was positive.
However, the Japanese team (which included Izumi Nakai of the Tokyo University of
Science and Fumitake Masuzawa: of the Gangoji Institute for Research of Cultural Property),
wanted to investigate Nano Cellulose more so that they could better understand its secular
change — that is, the biological changes that occur over decades or generations, purportedly due
to environmental factors. and learn more details about its character, as it was a new material in
the conservation field. Therefore, Dr. Yoshimura asked the National Research Center in Cairo
and the Tokyo Metropolitan Industrial Technology Research Institute to reexamine all three
materials suggested, Paraloid B-72, Klucel G, and Nano Cellulose, before starting any
conservation work.

Fig. 3-70: Views of the tests in GEMCC
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Figure 3-69: Table of materials of consolidation tests in GEMCC

3.7.2. Test of consolidation

Fig. 3-71: Consolidation Test: Para;oid B72 12% in Ethyle Acetone (Gangoji Institute)
Left; before consolidation, right; after consolidation.
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Figure. 3-72: Results of Consolidation Test: Paraloid B72 (12%) in Ethyle Acetone (Gangoji Institute;
compressive strength increases about two times over the original base with consolidation, but
paraloid B72 strengthens only the surface and does not penetrates deep inside the sample wood.

Figure 3-73: Results of consolidation tests with Paraloid and nano-cellulose (GEM-CC);
applying nano-sized cellulose to the wood where its cellulose had already disappeared was
confirmed as a logical and effective method of consolidation.

Figure 3-74: Scanning Electron Microscopic Images (GEM-CC)l applying Paraloid B72 (left), and Nano-cellulose
(right) Nano-cellulose penetrates deeper and fills cells and restores elastic strength of the wood.
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Figures 3-75 and 3-76: Trial to choose the best solution for lifting a deteriorated wooden piece from the pit; this trial
involved facing the deterioration wooden pieces by using Japanese tissue with Klucel G (GEM-CC), a method for
supporting the wooden piece.)

3.7.3. The Second Investigation of the Conservation Materials
In response to Dr. Yoshimura’s request for a second examination of potential consolidation
materials, experts and scientists at the GEM-CC, the National Research Center in Cairo, the
Gangoji Institute for Research Cultural Property, and the Tokyo Metropolitan Industrial
Technology Research Institute in Japan examined the following:
1. Acrylic Resin: Paraloid B-72, Paraloid B-82, and Acryl Emulsion CM330 (Primal).
2. Cellulose-based Material: Klucel G, Nano Cellulose Crystal, and Nano Cellulose
Fiber.
3. Modified Polyethylene Resin: Silone-modified Polyethylene Glycol.
The results from these investigations were as follows. First, Acrylic Resin has high
viscosity and plasticity that makes it useful as an adhesive in rejoining broken parts. Its
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flexibility for reshaping deformed parts is very suitable for the wooden pieces of Khufu’s Second
Boat. Second, Cellulose-based Material, especially a new material such as Nano Cellulose, can
be expected to penetrate deep inside the wooden pieces and replace the disappeared cellulose in
the wood. Both Crystal and Fiber were tested. Third, Modified Polyethylene Resin can be
expected to make a wooden piece much stronger than any other material. However, it is nonreversible and non-plastic. This is used in many wooden artifacts in Japan, for example, and its
effect is confirmed by many Japanese experts including Prof. Dr. Izumi Nakai, Tokyo University
of Science; Dr. Yoshinari Abe, Research Associate, Tokyo University of Science; Dr. Fumitake
Masuzawa, Gangoji Institute for Research of Cultural Property; Tetsuya Yamada, Gangoji
Institute for Research of Cultural Property; Takuji Yamada, Gangoji Institute for Research of
Cultural Property; Toshio Kinoshita, Tokyo Metropolitan Industrial Technology Research
Institute; and Madoka Murai, Tokyo Metropolitan Industrial Technology Research Institute.
When Acrylic Resin was applied — specifically Paraloid B-72 and B-82 — it made a
wooden piece twice as strong as it had been originally, but the difference between the two types
of acrylic resin was not clear. After treatment, the wooden piece became strong enough to be
handled but not reassembled. When Cellulose-based Materials — Klucel G and Nano Cellulose
— were applied, they made a wooden piece two or three times as strong as it had been originally.
After treatment, the wooden piece also became strong enough to be handled but not reassembled.
Finally, using Cellulose-based Material and Acrylic together made a wooden piece two or three
times stronger than it had been originally. After treatment, the effect was the same as in the other
two cases.
These results were based on the
investigations that experts in the Tokyo Metropolitan
Technology Research Institute carried out on
artificial decayed wood, and attention was paid to
ensuring equal conditions for each material tested.
Those investigations were repeated in Egypt at the
Grand Egyptian Museum Conservation Center and
National Research Center, and both institutes

Figure 3-77: Analysis of Conservation Materials
with original Wooden Pieces in the Site Prof.
Yoshimura(lift) Chief conservator (center), and
Egyptian conservator.

obtained almost the same results for the conservation materials in question. Therefore, all
participants agreed to choose Acrylic Resin for the first stage of restoration and conservation of
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Khufu’s Second Boat Project. As for Cellulose-based Material and Modified Polyethene Glycol,
they would be used in the second stage of conservation for reassembling and reconstructing
Khufu’s Second Boat.
3.7.4. Conclusions regarding Consolidation of Wood from Khufu’s Second Boat
The final plan for the treatment of the wooden pieces of Khufu’s Second Boat was the
responsibility of Dr. Eissa Zidan, chief conservator in Khufu’s Second Boat Project, from the
Egyptian side, and Dr. Richard Jaeschke (an American), consultant conservator from the
Japanese side. Based on the results of investigations carried out in both Japan and Egypt, it was
agreed that the plan for the conservation work would be as follows:
1. No conservation steps would be taken unless there were discussions before any treatment and
agreement from all departments in the project, such as ship authorities (Japanese), chiefs of
conservators (Egyptian and American), and chiefs of archaeologists (Egyptian and Japanese).
2. In the pit: fragile or broken wooden pieces would be extracted after reinforcing their surface or
the broken parts with “facing”. That is, 100 % silk Japanese paper would be applied to a piece
with either Klucel G or Paraloid B-72, with a very low concentration as 5% dissolved in acetone
as solvent.
3. In cases of wooden pieces in good condition, no consolidation would be done. In cases of
wooden pieces in fair condition, consolidation would be done with Paraloid, applied in a
concentration that the chief conservators have agreed upon. In cases of wooden pieces in poor or
very poor condition, consolidation would be done with Paraloid in a concentration that the chief
conservators agreed on. If needed, Nano Cellulose, with Klucel G. as suspension, might be
added. In cases of wooden pieces with broken or deformed parts, rejoining or reshaping would
be carried out if the original shapes were certain by evidence. Otherwise, those broken or
deformed parts would be left as they were for the second stage of the project. Finally, in cases of
wooden pieces with missing parts if a missing part threatens to cause any future damage to a
wooden piece, a filler material will be added. An example of such a filler is “Micro Balloon,” a
conservation material, suggested in 2014 by R. Jaeschke. A micro-balloon is a tiny, hollow glass
particle that can be inserted into a fragile artifact such as an ancient piece — “micro balloons” —
in the form of a syntactic foam: a class of material created using pre-formed hollow spheres
composed of glass micro-balloons (see Maritime Technology News, 2016). Syntactic foams
composed of micro-balloons have been studied over the past two decades for a variety of
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mechanical properties. The microstructure of a syntactic foam is shown in the figure below,
where glass micro balloons are embedded in epoxy resin solution. The result is a powder-like
substance that provides good impact strength to any missing or broken part. It blends with
Paraloid that is dissolved in acetone to produce a paste that can be used to fill an empty or
missing part. These lightweight materials are known for their high compressive strength,
dimensional stability, and low moisture absorption (Gupta and Nagorny, 2006).

Fig.3-78: The microstructure of syntactic foam
containing 60% micro balloons by volume. (Gupta and
Nagorny, 2006)

Fig.3-79: Notations used to define various physical
parameters for micro balloons. (Gupta and Nagorny,
2006)

Once the wooden piece was extracted in the conservation laboratory, measurements such
as weight would be taken. Before treatment, the wooden piece would of necessity be sprayed with
Ethyl Alcohol 70% for fumigation and disinfection. Then it would be enveloped in a thermoplastic
cover, and the inside humidity would be controlled at 50-60% for deceasing chances for fungi to
grow. The piece would then be left for three weeks for seasoning — that is, to permit it to adjust
to the environment.
3.7.4. Paraloid B-72
The plan for “First Aid” consolidation developed by Zidan and Jaeschke involved the
acrylic resin Paraloid B-72. This played a major role in the conservation of the Second Khufu Boat.
“Paraloid B-72 been used for conservation purposes since1986 due to its properties, such as
chemical inertness and environmental stability” (Ibrahim et al., 2020, 61-71). Paraloid B-72 is an
acrylic co-polymer of ethyl meth acrylate and methyl acrylate]; that is to say, it produces a
substance like a type of plastic. Paraloid B-72 is easily soluble in toluene--a colorless liquid
hydrocarbon present in coal tar and petroleum and used as a solvent and in organic synthesis -- to
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form a sticky solution used as an adhesive that is easy to apply. Paraloid B-72 has sometimes been
replaced with poly vinyl acetate in many applications even though it is characterized by excellent
properties such as continuity and not yellowing. It is, sometimes, replaced by polyvinyl acetate
when the wood under treatment is extracted from a humid environment. When used correctly, after
drying, it has a transparent appearance. It has excellent resistance to alcohols, acids, and vegetable
oils; additionally, a solution of ethanol can be used with Paraloid to control its working time.
Paraloid is also one of the most preferred adhesives used in joining artifacts since it does not
discolor and because of its reversibility. It is soluble in acetone, ethanol, toluene, and xylene. A
solution of Paraloid B-72 can be applied with a concentration of 3% dissolved in acetone on the
edges of wooden pieces to be rejoined or assembled; this helps with the adhesion process. The
adhesive is then applied at a higher concentration. Paraloid B-72 is characterized by good adhesion
strength as well as oxidation and light resistance, transparency, and resistance to mechanical forces
such as elasticity and viscosity. Acrylate resins are generally characterized by their low solvent
evaporation rates and can be safely used as excellent adhesives with archaeological pottery. On
the other hand, some researchers have pointed out that Paraloid may undergo yellowing by
exposure to photodegradation — the oxidation of a substance or object that has decomposed by
the action of light, especially sunlight. Acetone is the best and most suitable solvent. It gives a
rapid spread that is suitable for use with acrylate adhesives and has low toxicity. Various research
studies have shown that Paraloid B-72 is effective as a stabilizing adhesive over time. Paraloid is
also characterized by viscosity and adhesion strength suitable for the adhesion of the wooden
objects that has excellent results in all tests, including thermal and yellowing, and it provides
adequate working time for this adhesive and high resistance to the effect of different chemical
materials (Ibrahim et al, 2020, 61-710).
“One

of the major problems that affects the conservation state of wooden artifacts or

artworks (for example, paintings and icons) is the loss of the wood’s structural resistance due to
the attack of organisms or dehydration. To resolve this problem, wood conservators and scientific
researchers have proposed, tested, and analyzed various materials over time. The solution on which
the restorers’ community has agreed is the use of synthetic polymers, the most often reported being
Paraloid B67, Paraloid B72 and Paraloid B44” (Ibrahim et al., 2020, 61-71). Thermoplastic
polymers as solutions in adequate solvents are most frequently employed for consolidation of frail
wood and other, similar materials in conservation. Paraloid B72, an acrylic polymer with a high
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transparency and medium glossiness compared to the rest of the Paraloid types, is such a polymer,
extremely important for wood conservation (Ibrahim et al., 2020, 61-71).

3.8. Planning for Stage One of the Second Khufu Boat Project: Extraction and
Recovery
In December 2013, Khufu’s Second Boat Project team, Japanese and Egyptian, successfully
extracted a small wooden piece and lifted it to ground level. The Japanese team now had to plan
for extraction of the large and long wooden pieces of wood from the pit, and for this purpose a
specially designed crane was made. As the same time, a conservation laboratory had to be built
inside the huge hanger, just in front of the small hanger of the pit.

Figure 3-80: lifting the wooden pieces

3.8.1. Planning for Extracting the Wooden Pieces
From January till March 2014, the Japanese team started to construct and equip a second
small hanger to house a conservation laboratory in front of the pit’s hanger that would be
employed to start the “first aid” preservation of the Second Boat wooden pieces. (The specialist
who was responsible for the extraction of the wooden pieces from the pit was Dr. Kasumitsu
Takahashi, Researcher and Conservator in the Institute of Egyptology, Waseda University,
Japan.)
Since many of wooden pieces were very deteriorated and fragile, five steps were
undertaken to extract those pieces:
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1. Selecting of the wooden pieces in accord with the placement related to the direction of the pit:
(East, West, South, and North.)
2. Deciding the order of extraction of the wooden pieces.
3. Taking photographs of the wooden pieces in their original places before removal.
4. Taking 3D measurements in the pit.
5. Reinforcement of the wooden pieces’ surfaces to extract from the pit and move them to the
next-door conservation laboratory. This reinforcement was done by covering the fragile or
deteriorated surfaces of the wooden pieces with Japanese silk paper brushed with a conservation
material, Klucel G 2% dissolved in Ethyl Alcohol. In addition, wooden trays with a sponge had
to be prepared.
The specialist who was responsible for preparing the extraction of the wooden pieces from
the pit to the ground level was Dr. Hiromasa Kurokochi, engineer, archaeologist with expertise in
ship building and site manager, from the Institute of Egyptology, Waseda University, Japan. To
extract the wooden pieces from the pit to the ground level, two cranes with scaffolding and two
elevators had to be built.
3.8.2. The Conservation Laboratory at the Khufu’s Second Boat Project Site at Giza plateau
Trays were made, and a
hygro-thermograph, a device that
records both humidity and
temperature on the same chart;
electronic precise balances, one up
to 10kg and another up to 100kg; a
portable moisture content meter;
and a microscope and camera were
all put in the conservation
laboratory so that the conservation

Figure 3-81: During Construction of Conservation Laboratory

work could begin. In addition, shelves were made to store the wooden pieces after their
extraction from the pit. The equipping of the conservation laboratory was the responsibility of
Zidan.
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Design of the Conservation Laboratory

Figure 3-82: Site Plan of the Facilities of the Site

Figure 3-83: Section Drawing of the Conservation Laboratory

For the first stage preparations, the Japanese team had to construct shelves in the GEM-CC store
house to preserve the wooden pieces that would be conserved and stored there. The shelves were
designed by Dr. Kurokochi.
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Fig. 3-84: Completion of building the Conservation Laboratory in Giza

3.9. The Project Underway
In July 2014, all work was underway, including the conservation. The work included:
— Extraction of wooden pieces from the Pit. The specialist responsible for this was Dr.
Kazumitsu Takahashi, Egyptologist/Conservator, Institute of Egyptology, Waseda
University, Japan. Fifty wooden pieces were successfully extracted from July until
September 2014.
— Conservation Work: The Specialists responsible for this were Dr. Eissa Zidan, Director
of GEM C and Chief Conservator, and Dr. Richard Jaeschke, Consultant Conservator.
Thirty wooden pieces were successfully treated from July until September 2014.
— Photographing and 3D Scanning: The specialist who was responsible for this was Dr.
Masataka Kagesawa, research associate, Ikeuchi and Ohishi Laboratory, Institute of
Industrial Science, Tokyo University, Japan. The specialist succeeded in taking
photographs of and conducting 3D scans all of the thirty pieces after the conservation
work was done.
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Meanwhile, transportation of these wooden pieces to the GEM-CC store was completed.
Therefore, all the targets were met before the deadline. From October 2014 until March 2015,
100 more wooden pieces were extracted,
conserved, and documented. included extraction
of the second layer of the wooden pieces in the pit.
In March 2014, the actual conservation work
started. The project employed 10 governmental
employees: three from the Giza plateau area, and
seven from GEM-CC, chosen by Zidan.
Conservation Work proceeded according to the

Figure 3-85: Egyptian conservators working in the
conservation laboratory at the site

following regimen:
1. Registration: Each conservator is required to register the number of the wooden piece
for conservation in the file that contains all the extracted pieces from the pit, and to
write the date of the start of the conservation work.
2. Observation of the upper surface of the assigned wooden piece: First the conservator
removed the reinforcement of Japanese paper from the fragile areas that the
conservator in the pit had applied to stabilize the wood so that it could be safely moved
to the conservation lab. Then each conservator took detailed photographs and noted
down all the details of the wooden piece.
3. Deciding the conservation plan and schedule: The Chief conservators from both sides,
Japanese and Egyptian, and the ship expert with whom the conservator has been
assigned to work on the wooden piece, discussed and agreed upon the conservation
plan and work schedule.
4. Conservation: In accordance with the conservation plan decided in step 3 above, the
upper surface of the wooden piece was to be conserved.
5. Observation of the bottom surface: After the conservation of the upper surface, each
conservator was required to turn the wooden piece on its the other surface and
document it in detail, as was done in step 2.
6. Final check of the wooden piece under conservation: After each conservator finished
conserving both surfaces of the wooden piece, the chief conservators, and the ship
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experts, together with the conservators, complete a last check of the wooden piece in
question.
7. Storing the wooden piece: After completing the conservation work, the documentation
specialist took photographs, and the wooden piece was stored on the shelves in the site
until it is time to transport the wood to the GEM-CC.
3.9.1. Transportation Procedure
After completing the conservation of a certain
number of wooden pieces, the members of the project
started to pack them into boxes and loaded the boxes
on trucks chartered by the Ministry of Antiquities to
be transported to the GEM-CC storge room for
organic materials. The wooden pieces were stored on
shelves that were made by the Japanese team.

Figure 3-86: The Transportation Team

Figures 3-87 and Fig. 3-88: Transportation of some of the conserved wooden pieces

From January to March 2015, the work continued, and the procedures were basically the same
regarding extraction, conservation, and transportation. The only addition was in the conservation
field. The Japanese side invited three Japanese experts in conservation field: Dr. Shigeo Aoki,
Honorary fellow from National Research Institute for Cultural Properties, Tokyo Japan: Dr.
Izumi Nakai, Professor in Tokyo University of Science, Japan: and Dr. Yoshinari Abe, Research
Associate, Tokyo University of Science, Japan to carry out some analysis about the ongoing
conservation work at the site by X-ray diffractometer. In the meantime, Dr. Masataka Kagesawa
was engaged in 3D scan, and Dr. Hiroyuki Kashiwagi, Researcher at the institute of Egyptology
at Waseda University, Japan and an expert in shipbuilding, was taking manual measurements of
the wooden pieces of Khufu’s Second Boat.
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3.9.2. Survey of Khufu’s First Boat, 2015
In the middle of 2015, Yoshimura, asked Kagesawa to work with Kashiwagi to carry out
a detailed survey of the First Khufu Boat from the outside as well as the inside in order to study
the First Boat’s reconstruction and to investigate and compare its components with the wooden
pieces of Khufu’s Second Boat. They also examined and documented the unused wooden pieces
that Haji Ahmed had placed in storage area of the First Boat behind its museum building in the
Giza area, just next to the second boat site.
From the survey and photography of the First Khufu Boat, ship builders Dr. Kurokochi and Dr.
Kashiwagi were able to relate the wooden pieces of the second boat to specific wooden pieces of
first boat. Examples include the following:
1. Wooden piece, 2nd boat, number 230, which is a frame of Wall Panel in the stern side of
the Deckhouse
2. Wooden piece, 2nd boat, number 235, which is a board of Wall Panel in the stern of the
deckhouse
3. Wooden piece, 2nd boat, number 315, a Board of Door Panel in Deckhouse
4. Wooden piece, 2nd boat, number 311, a Batten of Door Panel
5. Wooden piece, 2nd boat, number 324, Bolt of Door Panel.
6. Wooden piece, 2nd boat, number 384, Ceiling Board of Deckhouse.
7. Wooden piece, 2nd boat, number 380, Ceiling Crossbeam of Deckhouse
3.9.3. Conservation work carried out till June 2015
A total of 311 wooden pieces were conserved and the transportation of these pieces to the
GEM-CC storage area was completed. In the meanwhile, the work was continuing as usual:
extraction, conservation, and transportation.
Photographing and measuring were the responsibility of Kurokochi, site manager.
Manual measuring continued to be carried out by Kashiwagi. After the conservation work was
completed, photographs were taken from all six sides of a wooden piece in order to document all
its details. 311 conserved wooden pieces, 102 were documented.
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3.10. The Project continues, 2015-2021
The extraction, conservation, photographing, and transportation work continued
successfully during these six years, and work continued even during 2019-2021 despite the Covid
pandemic. A wood specialist, Mr. Ahmed Abd Rabo, from the GEM-CC’s Organic laboratory,
joined the team and he continued to work on the identification of the wood species using small
detached wooden fragments in the conservation laboratory at the site of Khufu’s Second Boat
Project. Now four species have been identified from the second boat: (1) cedar (Cedrus-libani),
(2) cypress (Cupressus-sempervirens), (3) Juniper (Juniperus-excelsa), and (4) Vachellia niloctica
or Acacia.
3.10.1. October-November 2015:
Dr. Yoshimura invited several new specialists in Ancient Egyptian ship Building and
technology to work with Kagesawa, Kurokochi, and Kashiwagi. They included as 3D Scan Team
composed of Prof/Dr. Katushi, University of Tokyo; Prof/Dr. Taseshi Oishi, University of
Tokyo; Professor Hiroko Uchiyama, University of Tokyo; and Miss Mao Kobashi, University of
Tokyo. In addition, Miss Ayano Yamada, Waseda University, an expert in ship construction,
joined the project. The additional team members made important contribution by making it
possible to visualize each wooden piece by both 3D Scan and manual measurements, which will
aid in the eventual re-assembling of the Second Khufu boat based on evidence provided by the
material recovered from the second pit. This would reduce the need to depend upon the
reconstruction of the First Boat as a guide for the reconstruction of the second boat.
The 3D scanning and manual measurements for the Second Boat were continuing in
tandem with the conservation work. Kagesawa completed scans the 6th and 7th layers of the
wooden pieces in the pit.
Kashiwagi and his assistant, Yamada, recorded all the details of each wooden piece as
well, such as painted or carved inscriptions that appeared on the wood (fig. 3-88). These
inscriptions provide very important clues for the reassembling of the Second Boat as these marks
are often serves as instructions or highlight points where different pieces of wood are joined.
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Figure 3-89: Original wood piece with inscribed markings and detailed sketch by Kashiwagi of the marks

Figure 3-90: Dr. Kashiwagi and his team

Figure 3-91: Detailed sketch of the deck of the stem
of the Second Khufu Boat, prepared by Dr.
Kashiwagi and his team

3.10.2. January-March 2016
The extraction, conservation, 3D scanning, manual measurements, and transportation work
continued. However, many of the wooden pieces that were extracted in December 2015 were in
poor condition, which slowed down the conservation process. In addition, the large wooden pieces,
10-20 meters long, would be extracted soon and each of these pieces would take more time than
usual to extract and conserve. Therefore, Yoshimura, and the site manager decided to give their
conservation teams more time to carry out the work. In these three months, January until March
2016, Kurokochi, the site manager, took photographs of 65 wooden pieces after conservation. In
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addition, the transportation effort continued, and 414 wooden pieces were stored in the GEM-CC
Organic storage.
3.10.3. April- September 2016: Discovery of Ancient Copper Fixtures
Kurokochi realized that a secondary conservation laboratory and storage area was needed
for the large wooden pieces from the second boat, so Yoshimura facilitated the construction of a
second laboratory with extra storge space just next to the large hanger. From April to September
of 2016, 36 wooden pieces were extracted from the pit, bringing the total of extracted wooden
pieces to 702, with 659 pieces being conserved, five hundred being manually measured, and
photographs of 70 conserved wooden pieces were taken. As a result of all of this work, the team
was now able to reassemble successfully a floor panel from the end of the deck’s stern side for the
first time, and Kashiwagi’s successfully reassembled five crossbeams of the deck floor.

Figure 3-92: Dr. Kashwagi’s final drawing of the stern deck floor.

During this period, the team made a major new discovery. Copper pieces were found in
the second pit—none had been found in association with the first boat. Two different shapes of
copper objects were found. One example of each shape was taken to the GEM-CC inorganic
laboratory for analysis before any conservation work could take place.
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Figures 3-93 and 3-94: The photos show the interior of the Grand Egyptian Museum Conservation Center (GEMCC) organic storage. The Second Khufu Boat Project Team is securing one of the wooden pieces before storage.

Due to this discovery, Dr. Khaled Anany, the Egyptian Ministry of Antiquities, visited Khufu’s
Second Boat Project site and a press conference was held while Dr. Yoshimura, the director of
the project and President of Higashi Nippon International University, was present.

Figure 3-95: For the first stage preparations, the Japanese team had to construct shelves in the GEM-CC store house
to preserve the wooden pieces that would be conserved and stored there. Above are examples of copper fixtures
recovered from the Second Khufu Boat (from the History Blog on Sept. 3, 2016, which quoted Mohamed Mostafa
Abdel-Megeed, an antiquities ministry official and expert in boat-making in ancient Egypt, as follows: “From the
boats found across Egypt, ‘we have not found the use of metals in their frames like in this boat,’, The U-shaped
hooks were used “to place the paddles to prevent friction of wood against wood”, said Sakuji Yoshimura, an
Egyptologist from Japan, http://www.thehistoryblog.com/archives/43967 )
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Fig. 3-96: Dr. Yoshimura and Dr. Anany at the press conference announcing the discovery of the copper pieces.

3.10.4. October-December 2016
Work continued on the material, with Takahashi successfully extracting 19 wooden pieces
from the 8th and 9th layers of wood in the pit. While some conservators finished working on 6
large wooden pieces, 8 meters each, with copper parts, other conservators worked on the cooper
pieces themselves to attach them to their original places in the wooden pieces.
On December 25th of 2016, the new laboratory was completed and equipped with air
conditioners, humidifiers, and storing shelves that would take until 20 meters long wooden pieces.
In addition, a new elevator with new cranes constructed specially for extracting the large wooden
pieces from the pit. A monorail, designed by Kurokochi, was built from the pit’s small hanger into
the new conservation laboratory.

Figures 3-97 and 3-98: The second conservation laboratory and storage facility, April-September 2016
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3.10.5. January-March 2017
Since the preparations for removing large wooden pieces from the pit had been completed,
Takahashi now extracted a 23 long wooden piece from the 9th layer in the pit.
During the first trimester of 2017 Kashiwagi and Kurokochi finished work on 66 wooden
pieces, so a full total of 636 had now been extracted from the pit and conserved. In addition, a
drawing depicting a reassembly of a whole panel of the Deck Floor of the Second Boat was issued.
Also, during this period the 3D scanning took place using an Artic hand laser scanner.

Figures 3-99 and 3-100: Left: The 3D scan team. Above: A scanned image of
a hull plank

3.10.6. April-June 2017
During the second trimester of 2017, Dr. Hiroko Uchiyama, professor in Joshibi
University of Art & Design, Japan, started to design model parts at a scale of 1/10 to create a
model of the Deckhouse of the Second Khufu Boat. He made the wall, the door, and the roof
panels for the purpose of studying the original assembly of the deckhouse, with the presumption
that this would aid in the eventual reconstruction of this deckhouse. Meanwhile, extraction,
conservation and documentation work continued. During this period only 6 large and 2 small
wooden pieces were extracted. The reason for the small amount is that those wooden pieces were
in a very poor and deteriorated condition, and it took Takahashi longer than usual to secure them
and lift them to the conservation laboratory next door in the site. Those were from the 9th layer
of wooden pieces in the pit. The total number of wooden pieces extracted by the end of June
2017 was 730.
3.10.7. July-September 2017
In the July to September 2017 period Yoshimura arranged to purchase a 3D scanner
machine, the “Z+F imager” by Zoller+ Frohlich, as one of the Khufu Second Boat Project’s
permanent equipment. The specialist, Dr. Kagesawa, trained Egyptian staff to carry out the 3D
scanning work instead of himself coming to Egypt every few months. The fund for this machine
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is supported by READUFOR Inc. The extraction, conservation, documentation, and
transportation work continued within the established time frame. During this period Kashiwagi
reassembled the Deck Panel through drawings.
Takahashi started to extract large wooden pieces 8, 10, and 15 meters long, and
Kurokochi, Jaeschke and Zidan decided to divide the conservators into two teams. Each team
would work with a large wooden piece. The leader of this work was Jaeschke, and the two teams
were named after Jaeschke and Zidan, reminiscent of the building teams used in ancient Egypt.
“Team Richard” consisted of Kanan Yoshimura, Egyptologist/Conservator; Akiko Nishishaka,
Egyptologist/Conservator; Hisham Hakem, Conservator; Dr. Ahmed Sadek, Conservator; Essra
Ahmed, Conservator; and Anwar Rashid, Conservator. “Team Eissa” consisted of Abd AlAziz
Sayid, Conservator; Ahmed Abd Rabo, Conservator; Dr. Nour Badr, Conservator; Ragab
Mohamed, Conservator; Mohamed Anwar (Kento); and Mahmoud Shihab, Conservator.

Fig. 3-101: Egyptian and
Japanese conservators at
work on wooden pieces of
the Second Khufu Boat.
(Photocopied from the
article “Egyptian Japanese
archaeological mission to
excavate second Khufu
Boat completed,” by
Nevine EL-Aref, 2021)

3.10.8. October-December 2017
Extraction and conservation of wood and copper pieces, 3D scanning, manual
measurements, documentation, and transportation work continued according to the project’s
timeframe. In the meanwhile, Uchiyama continued his work of making models of parts of the
Second Khufu Boat at a 1/10 scale. In this session, Takahashi extracted ten large wooden pieces
of 10-12 meters, and 18 small pieces.
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3.10.9. January-December 2018
In 2018 the four sessions — January-March, April-June, July-September, and OctoberDecember — saw the continuation of the extraction and conservation of wooden and cooper
pieces, 3D scanning, documentation, and transportation work. However, the conservation work
was going more slowly than before due to the poor condition of the wooden pieces that were
extracted during this year. From January to March, Takahashi extracted seven large wooden pieces
from the pit, 9 small wooden pieces, and 15 copper pieces. From April until June, he extracted 5
large wooden pieces, 47 wooden pieces, and 10 copper pieces. From July to September, he
extracted 9 large wooden pieces, 18 small wooden pieces, and 10 cooper pieces, and from OctoberDecember, 6 large wooden pieces, 62 wooden pieces, and 10 cooper pieces.
During 2018, 28 large wooden pieces with lengths between 8 to 10 meters and 119 small
wooden pieces were conserved. In addition. Professor Jaeschke, the American conservator
consultant, Dr. Ahmed Sadek, Egyptian conservator, and the author of this thesis, Kanan
Yoshimura, Japanese Egyptologist/Conservator, kept cleaning the copper pieces. More than thirtynine cooper pieces were conserved.

Figure 3-102: Sadek, and Jaeschke during cleaning of the
copper pieces.

Figure 3-103: the author, K. Yoshimura cleaning a
copper piece

Kashiwagi, and his assistant Yamada, completed the manual measurements of thirty-one
large wooden pieces of between 7 to 12 meters length as well as of 106 small wooden pieces.
Kagesawa also continued taking 3D scan images of the wooden pieces.
A total of thirty-six large and 69 small wooden pieces were documented at the site and
transported the storage of GEM-CC.
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3.10.10. January-December 2019
In 2019, all work continued, even though, as the year came to an end, concerns were rising
concerning Covid 19. The project’s timeline targets for 2019 were met, and by the end of the year
the last of the ancient artifacts still in the pit had been successfully extracted. However, as the year
ended the three main Japanese team members — Korokochi, the site manager; Takahashi,
Egyptologist/Conservator in the pit; Kashiwagi, Egyptologist/Ship Builder — as well as
Nishisaka, Egyptologist/Conservator, left Egypt and were unable to return for many months, due
to the Covid lockdown that came into place early in 2020. Only one Japanese member — the
author of this thesis — stayed because she lives in Egypt, and for several months she bore the
primary responsibility for overseeing the project’s work.
In 2019 Takahashi extracted a total of twenty-nine large wooden pieces, 210 small wooden
pieces, and 8 copper pieces; these were the last pieces in the pit. Also, Takahashi and Kurokochi
carried out the final documentation of the pit when it was empty. The conservators successfully
worked on and conserved a total of twenty-seven large wooden pieces, 165 small wooden pieces,
and 8 copper pieces. In addition, Kashiwagi finished completed manual measurements of a total
of 30 large wooden pieces and 174 small wooden pieces.
In 2018 Kagesawa had trained 2 team members in 3D scanning. Thus, in 2019 this task
was taken over by Youssef El Nabarawy, chief engineer, Japanese side, and Nour Mohamed,
Conservator. They successfully finished imaging all the wooden pieces of the Deck Floor.
A total of eighteen large wooden pieces and 173 small wooden pieces were documented at
the site and transported to the storage room in GEM-CC.
3.10.11. January-December 2020
Since the pit had been cleared of all objects by the end of 2019, no more extraction work
took place in 2020. However, the conservation, documentation, manual measurements, 3D
scanning, and transportation work continued. The conservators successfully conserved 2 large
wooden pieces, 81 small wooden pieces, and 7 copper pieces. Youssef and Nour continued doing
the 3D scan image, while Kashiwagi finished manual measurements of 8 large and 82 small
wooden pieces. A total of 47 small wooden pieces were documented and transported to the storage
of GEM-CC. Most of the senior Japanese team members who had returned to Japan at the end of
2019 were able to return to Cairo by the summer of 2020 once the Covid lockdown was eased.
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3.10.12. January 2021 to the Present (March 2022)
The Second Khufu Boat Project team, both its Japanese and Egyptian members,
successfully completed the extraction phase of the project within the established time frame, and
conservation of almost all remaining wooden and copper pieces, as well as the manual
measurements of all the wooden pieces, was completed. In 2021 conservators focused on packing
for transportation, 3D scanning, and some monitoring of wooden and copper pieces that were
conserved in the beginning of the project in 2015, 2016, and 2017.
The conservators, Japanese and Egyptians, continued to work together for packing and
monitoring the wooden pieces and transport them to the GEM-CC Organic storage. The
monitoring done during packing the wooden pieces at the site and during unpacking the pieces
upon arrival at the GEM-CC storage.

Figure 3-104: The shelves in the GEM-CC organic storage

Nabarrawy and Badr carried out 3D scan work at the GEM CC storage. Besides this
work, Dr. Kurokochi and his team began to dismantle the hangers at the site of the second pit and
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anything else no longer in use at the site for transport to the new site, just to the south side of the
GEM, where the second stage of reconstructing and reassembling the Second Boat was to take
place.

3.11. The Second Khufu Boat: Selected Examples of the Recovery and
Conservation of Wooden Pieces
Between 2014 and the end of 2019, the Japanese and Egyptian members of the Second
Khufu Boat Project successfully extracted every ancient artifact that lay in the western boat pit on
the southern side of the Great Pyramid at Giza. More than 1800 pieces of wood were recovered
and conserved, some fragment of linen cloth and the remains of substantial amounts of rope were
recovered and conserved, and more than 80 copper pieces were recovered and conserved.
Everything found in the second pit is historically unique, but it should be noted that the
copper pieces were an unexpected and extremely important discovery, since nothing comparable
to these copper pieces had been found in association with the First Khufu Boat. In general, the
form and structure of the Second Khufu Boat closely resembles the form and structure of the First
Khufu Boat. But the Second Khufu Boat was supplied with objects that either the First Khufu Boat
never had, or were not found during excavation (unlikely), or that disappeared or disintegrated
over the millennia in which both boats were buried in their respective pits. First among these
objects are the copper pieces. Equally important is that the Second Khufu Boat was supplied with
more than 50 oars intended for rowing; no such oars were discovered when the First Khufu Boat
was extracted from the eastern boat pit in the 1950s.
In the pages that follows, a few examples of selected artifacts that illustrate the principal
types of pieces discovered in the western or “second” boat pit will be described. Most of these
selected artifacts were worked on and conserved by the author of this thesis, and the challenges
faced in conserving these pieces will be described.
3.11.1. The Objects in the Second Boat Pit
The Second Khufu Boat had been dismantled before placing it in its burial pit. The wood
was taken apart piece by piece and everything — wooden pieces, rope, cloth, and copper fixtures
— was put individually into the pit. When the pit was opened and prepared for extraction, the
project team found that the wooden pieces lying on top of one another. However, the pieces
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appear to have been put into the pit 4,600 years ago in a more-or-less random order; that is, in
disassembling the boat for burial in the pit, the ancient workmen did not deposit the wood in
deliberate, well-ordered layers. In
fact, Dr. Takahashi, Archaeologist/
Conservator in the pit had to record
them in de facto layers representing
their relative positions next to one
another, so that they could be properly
document them for the reconstruction
phase of the project.
To understand each piece’s
position in the pit pictures were taken
when the cover stones were removed
(fig. 3-40 and 3-50). According to
Takahashi, the expert who worked
most closely with the materials in the
pit, the pit was divided for the purpose
of survey and recovery into sections
that were assigned identifying letters
from A through N: A was the first
section on the East side of the pit and
while N was the first section on the
West side of the pit.
In the following pages,
representative pieces that were
Figure 3-105, right: a composite overhead
photograph of the pit taken in 2010 shortly
after the covering stones were cleared and
was prepared by Kazumitsu Takahashi,
Egyptologist/ Conservator, Institute of
Egyptology, Waseda University, Japan. The
sections into which the pit was divided are
marked A-N.
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extracted from these sections of the pit will be discussed and their conservation and
consolidation with be described.
3.11.2a. Piece Number 740: A Hull Plank
This piece is a plank of wood and its position in the pit is “B north side.” The photograph
below displays the north side of Section B and identifies the location of piece 740.

Figure. 3-106: The arrows in the photograph above point to Piece No. 740

Due to its poor condition, Takahashi extracted piece no. 740 in 5 separate parts. For
recording purposes, he assigned each part an identification consisting of the number 740 followed
by a dash: for example, 740-1, 740-2, 740-3, 740-4, 740-5. Below appear four photos of piece 7401. This separate piece is the longest part of plank 740, with a length of 8.82 meters. Its greatest
width is 48 cm, and at its narrowest point on the east side it is only 2 cm wide. It is 13 cm thick.

Figure 3-107: Photo 1 of Piece No.740-1
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Figure 3-108: Photo 2 of Piece No.740-1

Figure 3-109: Photo 3 of Piece No.740-1

Figure 3-110: Photo 4 of Piece No.740-1

Below are four photographs of piece 740-2. Its length is 5.75 cm, and its width ranges
from 43 cm to 11-12 cm, becoming thinner due to the deterioration of the wood.

Figure 3-111: Photo 1 of Piece No.740-2
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Figure 3-112: Photo 2 of Piece No.740-2

Figure 3-113: Photo 3 of Piece No.740-2

Figure 3-114: Photo 4 of Piece No.740-2

Below are three photographs of piece 740-3. Its length is 2.92 cm, its width is 37 cm, and
its thickness is 11-12 cm.

Figure 3-115: Photo 1 of Piece No.740-3
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Figure 3-116: Photo 2 of Piece No.740-3

Figure 3-117: Photo 3 of Piece No.740-3

Below are two photographs of piece 740-4. Its length is 2.63 cm, its width ranges 31 to 13 cm,
and its thickness 11-12 cm.

Figure 3-118: Photo 1 of Piece No.740-4

Figure 3-119: Photo 2 of Piece No.740-4
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Finally, below are three photographs of piece 740-5. Its length is 1.84 cm, its width is 21 cm, and
its thickness ranges from 10-12 cm depending upon missing layers of the surface.

Figure 3-120: Photo 1 of Piece No.740-5

Figure 3-121: Photo 2 of Piece No.740-5

Figure 3-122: Photo 2 of Piece No.740-5
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Wooden piece number 740 was located in the north side of section B-I, along the side of
the pit. It is one of the main planks of the hull. It has many lashing holes in the lower surface and
on both the north and south sides. The lashing holes were essential to joining the pieces of the hull
together since ropes were threaded through the lashing holes to tie or “sew” the planks together.
The lashing holes are divided into four types: single, double, triple, and quadruple. The difference
in type depends on the other pieces that would have been joined to. It also has mortise-tenon joints
on both the north and south sides for the same reason. It is pointed towards both the east and west
sides of the pit. Its width on the east side ranges from is 2 cm, to 4 cm, and the width increases
until the middle point of the piece and at its widest point is 48 cm. Measured as a whole piece, No.
740 is 21 cm long, the widest point is 48 cm, and it is 13.5 cm thick. Some parts have missing
layers of surface due to the poor condition in the pit, with the result that it gets thinner from 10 to
12 cm. Its original length and thickness show that it was strong enough to bear heavy loads over,
but over time, it became weaker and very fragile due to deterioration while resting in the pit.
The plan below depicts the first Khufu boat’s planks in their relative positions in the hull
of the vessel. The plan was drawn by Yoshimura, the general director of the project, based on a
sketch by Kurokochi, the site manager of the second boat project and an expert in shipbuilding.
The Second Khufu Boat Project team used this plan of the location of the planks of the first boat’s
hull to indicate the relative position of the second boat’s planks for the purpose of identifying and
studying the location of the second boat’s planks in the hull.
N Starboard

E
S Portside
Figure 3-123: In the diagram above, the images represent planks of the port side of the hull. The relative place of
plank No. 740 is indicated by the arrows.
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3.11.2b. Observations concerning the Conservation of Piece No. 740
The condition of piece number 740 is very fragile. Its deteriorated condition in the pit
forced Takahashi to extract it in 5 parts, as it is mentioned above. It was very dry and difficult to
move from its place in the pit. Therefore, Dr. Takahashi had to reenforce the upper surface with
facing consisting of the Japanese tissue with 10% B72, Paraloid B72 dissolved in acetone. 740-1
is the longest part of this piece, measuring 8.82 meters in length. The condition of the plank’s
lower surface was as poor as the upper one, with both having many external and deep cracks
from the dryness of the pit.
The upper surface was very dusty, and the wood had flaked into many fragile layers, with
external and deep cracks that had to be treated very carefully. This plank was divided into 5 parts
and there were a few missing layers from the upper surface.
According to the discussion of the piece by the chief conservators, the ship builders, and
the conservator who were to treat this piece, it was expected that this piece would take a few weeks
to conserve and would require the following steps: (1) removal of the facing, (2) taking of photos,
(3) another discussion with the chief conservators, (4) writing down of the work that would be
done, step by step, then (5) starting of conservation work. The conservator for Piece No. 740 was
the author of this thesis, and the proposed time for completion of the conservation of Piece No.
740 was between 5 to 8 weeks. Work then proceeded as follows: the facing was removed, and
fumigation was done with alcohol 98%, after which photos were taken and discussion with the
superiors followed.

Figure 3-124: Piece 740-1 before conservation

Figure 3-125: Piece 740-2 before conservation
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It was agreed that the piece required a huge amount of adhesive, Paraloid B72 50%, in all
the cracks, both external and deep. Therefore, Paraloid B72 10% was dropped on the piece to close
all these cracks and at the same time strengthen the weak parts in the piece. Due to its length, 7401 was not rejoined to 740-2, 740-3, 740-4, and 740-5; instead, these pieces will be rejoined in the
second, re-assembly stage of the project, which will start at the end of 2021.

Figure 3-127: Piece 740-1 after conservation

Figure 3-128: Piece 740-2 after conservation

Figure 3-129: Piece 740-3 after conservation

Figure 3-130: Piece 740-4 after conservation

Figure 3-131: Piece 740-5 after conservation
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3.11.3a. Piece Number 878: A Hull Plank
This piece is also a plank in the hull. Its position in the pit was F-J North.

Figure 3-132: Photo of Piece No. 878 in the pit.

Due to its poor condition, Takahashi extracted it into two parts, and gave each part a dash:
For example, 878-1 and 878-2. The dimensions of Piece No. 878-1 were as follows: 5.13 cm in
length, 47 cm in width, and 11-12 cm in thickness. Due to the shrinking of the wood in the pit, it
became thinner by 1 cm; it is supposed to have been 13 cm thick originally.

Figure 3-133: Piece 878-1 before conservation
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Figure 3-134: Piece 878-1 before conservation

Figure 3-135: Piece 878-1 before conservation

The dimensions of Piece No. 878-2 were: 4.82 cm in length, 56 cm in width, and 11 cm in
thickness.

Figure 3-136: 878-2 before conservation

Figure 3-137: 878-2 before conservation
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Figure 3-138: 878-2 before conservation

Wooden piece number 878 was located in the North, F-G, side of the pit. It is one of the
main planks in the hull. It has lashing holes in the lower surface and from both sides, north and
south. its total length is 9.95 cm, its widest point is 56 cm from N/S in the middle of the pieces,
and its thickness is from 11-13 cm. Plank 878 is the middle piece that connects two main planks
of the hull, 740 and 1063.
The following diagram (Figure 139), which was used above to establish the relative
location of Plank 740 in the hull of the second boat, and it will be used again here to identify the
location of Plank 878 in the vessel’s hull: the white arrow represents Plank 878’s approximate
position.
Starboard N

W

E
Portside S
Figure 3-139: Yoshimura’s sketch of the Frist Boat planks of the hull,
Plank 878 indicated by the white arrow

3.11.3b. Observations concerning the Conservation of Piece No. 878
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The fragile and deteriorated condition of piece 878 forced Takahashi to extract it in two
parts, as it is mentioned above. It was dry and thus difficult to remove from its place in the pit
without damaging it. Therefore, Dr. Takahashi had to reenforce the upper surface with facing,
the Japanese tissue with 10% B72, Paraloid B72 dissolved in acetone. Piece 878-1 is the longer
part of Piece 878. As for the lower surface, the condition of the wood was as poor as the upper
surface. Both surfaces had many external and deep cracks from the dryness condition in the pit,
and some missing layers on the surface. It contained dust on the upper surface, many fragile
layers, and external and deep cracks that had to be treated very carefully. This piece was divided
into 2 parts and there were a few missing layers on the upper and lower surfaces.

Figure 3-140: Piece 878-1 before conservation

Figure 3-141: Piece 878-2 before conservation

The process of conserving Piece No. 878 was essentially identical to that described above
in the case of Piece No, 740. The chief conservators, the ship builders, and the conservator who
would treat this piece agreed that this piece would take a few weeks to conserve and would
require the same steps of the piece No. 740. The author of this thesis was the conservator for
Piece No. 740, and the proposed time for completion the conservation of Piece No. 740 was
between two to four weeks. Work then proceeded as follows: the facing was removed, and
fumigation was done with alcohol 98%, after which photos were taken and discussion with the
superiors followed. It was now agreed that the piece required a big amount of adhesive, Paraloid
B72 50%, in all the cracks, both external and deep. Therefore, Paraloid B72 10% was dropped on
the piece to close all these cracks and at the same time strengthen the weak parts in the piece. For
its safety, we decided to rejoin the two parts of Piece No. 878 in the second stage.
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Figure 3-142: Piece No. 878-1 after conservation

Figure 3-143: Piece No. 878-2 after conservation

3.11.4a. Pieces Nos. 789 and 790: Part of the Stern
Due to the poor condition of Piece No. 789, Takahashi extracted it in 3 parts: 789-1, 7892 and 790. The third piece was given a separate number — 790 — because this part of Piece No.
789 was under other wooden pieces and Dr. Takahashi could not extract it until he had removed
the overlying pieces. Thus, what was originally a single piece of wood was giving a working
identify consisting of two separate parts, piece 789 and piece 790.

Fig. 3-144: Piece No. 789 in the pit: The arrows indicate the location of the piece
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Figure 3-145: Piece No. 789 in the pit: The arrows indicate the location of the piece

Figure 3-146: Piece No. 789-1 before conservation

Figure 3-147: Piece No. 789-1 before conservation

126

Figure 3-148: Piece No. 789-1 before conservation

Figure 3-149: The arrows above identify some of the white pigments that Piece No. 789-1 has on its west side

Figure 3-150: Piece No. 789-2 before conservation
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Figure 3-151: Piece No. 789-2 before conservation

Figure 3-152: Piece No. 789-2 before conservation

Figure 3-153: Piece No. 790 before conservation

Figure 3-154: Piece No. 790 before conservation
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Figure 3-155: Piece No. 790 before conservation

Figure 3-156: Piece No. 790 before conservation

Figure 3-157: Piece No. 790 before conservation

Wooden pieces numbers 789 and 790 are located in the position north, A-B. Some
scholars call the original 789-790 plank the stern blade because it was roughly shaped like a
blade. Pieces 789 and 790 pieces crucial because they connected the stern to the hull and held
them together. Their position is Stern North in the boat. They have lashing holes on the surface
and mortise-tenons on the South side, as well as a cut. Figure 3-156 above shows two different
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level and measurements of mortise-tenons. These mortise-tenons are located on the south side
where the piece joined to the hull. The total length of piece 789 and 790 joined together is 4.55
cm, and it is 71 cm in width, and 10 cm in thickness, but on the east side it is 5 cm thick.
The figure below on the following page again uses Yoshimura’s sketch of the planks of the
First Khufu Boat as a template for locating the positions of planks of the Second Khufu Boat.
Starboard N

Stern N
Portside S
Figure 3-158: Yoshimura’s sketch of the planks of the hull of the first Khufu boat. Planks 789 and 790 in the hull of
the second boat are indicated by the white arrow.

3.11.4b. Observations concerning the Conservation of Pieces No. 789 and 790
The condition of Pieces Nos. 789 and 790 is very fragile, and the pieces — one part of
one plank of wood — were removed in two parts. It was dry and difficult to remove them from
their place. Therefore, Takahashi reenforced the upper surface with facing: Japanese tissue with
10% B72 Paraloid B72 dissolved in acetone. The total length of 789 is 517.82 cm, it is 57 cm at
the widest point, and its thickness is between 12 cm. The condition of the lower surface was not
poor but fair: it did not have many fragile layers and only minor flakes. However, both surfaces,
in general, had external and deep cracks from the dryness of the pit and some missing layers of
its surface.
Pieces 789 and 790 had very dusty upper surface, many fragile layers, and external and
deep cracks that had to be treated very carefully. Piece 789 was divided into 2 parts, and a few
layers were missing on the upper and lower surfaces.
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Figure 3-159: Piece No. 789-1 before conservation

Figure 3-160: Piece No. 789-2 before conservation

Figure 3-161: Piece No. 790 before conservation

The process of conserving Pieces Nos. 789 and 790 was identical to that described above in the
case of Pieces Nos. 740 and 878. This work was carried out by the author of this thesis, and the
proposed time for completion of the conservation of these pieces was between two to five weeks.
Work then proceeded as follows: the facing was removed, and fumigation was done with alcohol
98%, after which photos were taken and discussion with the superiors followed. It was now
agreed that the piece required a big amount of adhesive, Paraloid B72 50%, in all the cracks,
both external and deep. Therefore, Paraloid B72 10% was dropped on the piece to close all these
cracks and at the same time strengthen the weak parts in the piece. To maintain the deep cracks
and rejoin all parts together, these spaces were filled with glass micro-balloon mixed with B72 to
get the paste texture and use it as a filler to hold all parts together. All three pieces — 789-1,
789-2 and 790 — were then perfectly rejoined during the conservation work and transported to
the GEM-CC special store for organic objects.
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Filler (Micro Balloon to fill the gaps)

Figure 3-162: The rejoined pieces nos. 789 and 790 after conservation work and before storage; the straight-line
edge visible in the upper right of the photograph is ancient and is for joining this piece to the middle bottom of the
hull from Portside South of the boat

3.11.5a. Pieces Nos. 1050 and 1034-1: Parts of the Hull

Figure 3-163: Pieces Nos. 1050 and 1034-1 in the pit. Their location is indicated by the arrows.

Due to its poor condition, Takahashi extracted piece 1050 four parts, to which he assigned
numbers with dashes: 1050-1, 1050-2, 1050-3, and 1050-4. Later he found another part of the
same piece under other pieces, and he gave this fifth part of 1050 its own number: 1034-1.

Figure 3-164: Piece 1050-1 before conservation
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Figure 3-165: Piece 1050-2 before conservation

Figure 3-166: Piece 1050-2 before conservation

133

Fig. 3-167: Piece No. 1050-4: (-3-1) before conservation.
Dr. Takahashi’s notation (-3-1) means that this piece will be rejoined with 1050-3

1034-1: as it is mentioned above, this part was under other pieces, so Takahashi had to wait to
extract this part later, and to follow his records, he had to give it this number.

Fig. 3-168: Piece No. 1034-1 before conservation; because this piece was found beneath other pieces, Dr. Takahashi
had to wait to extract it later than the pieces of 1050 were extracted, and in accord with his recording system, he had
to give it a separate number even though it was originally part of 1050

Wooden piece number 1050 was located in C-F, south side of the pit. It is one of the main
wooden pieces in the hull, and its position in the boat was at the bottom, Portside South. It has
lashing holes in the lower surface and mortise-tendons from both sides N and S. As noted above,
this piece is divided into 5 parts, but during the conservation process we rejoined 1050-1, 1050-2
and 1034-1 together, and we also rejoined 1050-3 and 1050-4 together to study its original shape
in preparation for the second stage of the project. The length of 1050-1 plus 1050-2 plus 1034-1
is 6.3 m., the width is 56 cm, and the thickness is 12 cm. The length for 1050-3 plus 1034-1 is
4.10 m., the width is 60 cm, and the thickness is between 10 to 12 cm. Figure 3-168 on the
following page again uses Yoshimura’s sketch of the planks of the First Khufu Boat as a
template for locating the place of the original plank 1050 in the hull of the Second Khufu Boat.
\
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Starboard N

W

E Stern
Portside S

Figure 3-169: Planks 1050 in the hull of the second boat is indicated by the white arrow. (Yoshimura, 2009).

3.11.5a. Observations concerning the Conservation of Piece No. 1050
As was the case with most of the wooden pieces discussed over past several pages of this
thesis, the condition of all of the elements of Piece No. 1050 is very fragile. Due to its poor
condition, Takahashi re-enforced all the upper surface with facing tissue, as the photos before
conservation indicate. It contained dust on the upper surface, many fragile layers, and external
and deep cracks that should be treated very carefully. A few layers were missing on the upper
and lower surfaces. When the facing was removed, the surface layers were very dry, and the
piece needed a high percentage of B72 to regain its strength. Also, most of the parts were
separated and needed to be rejoined.
Once again, the process of conserving Pieces Nos. 1050 and 1034-1 was essentially
identical to that described above in the case of Pieces Nos, 740, 878 and 789. The chief
conservators, the ship builders, and the conservator who would treat this piece agreed that this
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Figure 3-170: Piece No. 1050-1 before conservation

Figure 3-171: Piece No. 1050-2 before conservation

Figure 3-172: Piece No. 1050-3 before conservation

Figure 3-173: Piece No. 1050-4 (-3-1) before
conservation

Figure. 3-174: Piece No. 1034-1 before conservation

piece would take a few weeks to conserve and would require the same steps as for the other
planks. The conservator for Piece No. 740 was this thesis’ author, and the proposed time for
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completion of the conservation of Piece No. 740 was between three to five weeks. Work then
proceeded as follows: the facing was removed, and fumigation was done with alcohol 98%, after
which photos were taken and discussion with the superiors followed. It was now agreed that the
piece required a big amount of adhesive, Paraloid B72 50%, in all the cracks, both external and
deep. Therefore, Paraloid B72 10% was dropped on the piece to close all these cracks and at the
same time strengthen the weak parts in the piece. Glass micro-balloon dissolved in B72 25% was
then added to fill the gaps and missing parts.

Figure 3-175: Pieces Nos. 1050-1, 1050-2 and 1034-1 after conservation

Figure 3-176: Pieces Nos. 1050-3, 1050-4 after conservation

3.12. The Second Khufu Boat: Rowing Oars, Steering Oars, and Copper
Fixtures
One of the discoveries that has emerged from the recovery of the Second Khufu Boat
over the past decade is evidence of the how the boat could have been powered to move along the
Nile. In fact, we do not know if either of the two Khufu vessels ever actually “sailed” in the Nile
River, but one thing we are sure about is that even if either of these boats or any identical large
vessel of the Fifth Dynasty ever ventured onto the Nile, it would not have been able to “sail” at
all: as the remains of a mast were not found on either vessel. Thus, if these boats were used, they
would have required a source of motive power other than sails. The First Khufu Boat planks
were found with several wooden steering oars, no remains of rowing oars were identified, and
there was no indication that places were provided for rowers to sit and pull-on oars in the way
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depicted in tomb scenes of the Old Kingdom. Some scholars have suggested that the First Khufu
Boat was too large to be rowed efficiently and that it must have been towed by smaller vessels,
just as the huge barge carrying an obelisk that is depicted on the walls of the mortuary temple of
Queen Hatshepsut at Deir al-Bahari on the West Bank at Luxor is shown being pulled by smaller
oared vessels. Before the Second Khufu Boat was recovered from its own pit, it was even
suggested that the Second Boat may have been a tow boat that could have pulled the first boat
through the water — or through the afterlife. On the other hand, some have also suggested that
the First Khufu Boat was entirely symbolic, and if used at all, it was only as part of the king’s
funerary procession.
But Old Kingdom tomb scenes clearly depict very large vessels that are equipped with
many oarsmen. For example, the relief on the west wall of the offering chamber of the Sixth
Dynasty official Mereruka
at Saqqara shows several
large boats (Lauer, 1976,
62). Most of these vessels
are equipped with sails, and
some of the largest — as in
the case of the vessel
shown in Figure 3-176 —
would have been not much
smaller than either of the
Khufu boats. But the boat
in Figure 3-176 was also

Fig. 3-177: A large, oared vessel equipped with masts, from the Tomb of Mereruka (ca.
2275 BC), with as many as 19 oarsmen depicted on one side of the vessel

manned by as many as 38 oarsmen — 19 on one side of the vessel and 19 on the other — so oarpower clearly could have driven such a large vessel through the water.
We now know that the Second Khufu Boat had rowing oars and places for oarsmen to sit
and pull on their oars. Moreover, if the Second Khufu Boat had ever moved along the Nile, it
would have been powered by as many as 50 or more men pulling at their oars. This discovery is
one of the most important outcomes of the Second Khufu Boat Project.
This section will describe the two types of oars — steering oars and rowing oars — that
were recovered from Khufu’s Second Boat, as well as what the project team are calling “the oar
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resting board with copper pieces,” or gunwale. There are six gunwales, three from each side of
the boat, with oarlocks — copper fixtures — that held oars in place and served as a fulcrum point
for the rowing motion.
In Khufu’s Second Boat, there were two types of oars: the steering oars, of which there
are 8, and the rowing oars, of which there are about 52. In addition, there are parts of the
starboard and port gunwales that served as resting boards for the oars, and to which were
attached one or another of two shapes of copper fittings, L shape and U shaped.

Figure 3-178: 吉村作治、古代エジプト・クフ王「第１の船」の復原に関する研究ー現行復原の検証と新復原案の提
示ー、株式会社アケト (Yoshimura,2009, 17). It is a sketch of the First Boat, and author put the location, with the arrows, of
the “Oar Resting Boards of Second Boat to visualize and understand how these boards would be placed.

3.12.1. Piece 711: A Steering Oar
Steering oars have been used through much of human history to control the direction of a
vessel, which is the purpose of the rudder in modern boats and ships. Steering oars were
therefore the most prominent type of early rudder. The argument of the historian of science and
technology, Joseph Needham, that stern-mounted rudders were first employed by the Chinese
early in the first millennium has been challenged, and there is even evidence of stern-mounted
steering devices in ancient Egyptian boat models (Needham, 1986, 627-628 and Mott, 1997). But
for most of human history before the first millennium C, in Egypt as well as everywhere else,
large boats ships were steered by side-mounted rudders in the form of one or more large steering
oars. The blade of a steering oar is flat and large, its shaft is typically longer than that of a rowing
oar, and it is usually much heavier than a rowing oar. The First Khufu Boat was equipped with
twelve steering oars, two of which were fixed to the sides of the stern in when the boat was
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reconstructed. Now, eight very similar large steering oars have been recovered from the pit of the
Second Khufu Boat.

Figure 3-179: One of the steering oar blades revered from the western of “second” boat pit at Giza

A characteristic example of the steering oars of the Second Khufu Boat is Piece No. 711.
Photos 711-1, 711-2, 711-3 and 711-4 below depict the position and physical character of this
steering oar when found in the second boat pit:

Figure 3-180: Photo 711-1: The blade, and 711-2: Part of the shaft of a steering oar, indicated by the arrow

Figure 3-181: Photo 711-3: Part of the shaft of a steering oar
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Figure 3-182: Photo 711-4: Part of the shaft of a steering oar

Pieces 711-1 through 711-4 below are separate pieces of this same steering oar after removal
from the pit and before conservation.
711-1& 711-2

Figure 3-183: 711-1 and 711-2: Part of the steering oar after extraction from the pit and before conservation

Figure. 3-184: 711-3: Part of the steering oar after extraction from the pit and before conservation

Figure. 3-185: 711-4: Part, shaft, of the steering oar after extraction from the pit and before conservation

Wooden piece number 711 was one of the 8 steering oars found in the pit and was located
in the North, K-N, section of the pit. From the photos taken in the pit, it is clear that this steering
oar was very near to the wall on the N side and there were two other steering oars near and above
piece 711-1. The piece was extracted in four separate parts, as you can see in the photos above.
Its length is 8.16 cm, the width of the blade is 0.11 cm, and the width of the shaft is 1.89 cm. It is
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one of the complete steering oars since the entire length of the oar from the tip of the blade until
the end of the shaft is present.
It seems that due its position in the pit, N, just near the wall, piece 711 is embedded with
small rocks and pebbles from the wall and with dust. The fact that the piece is covered with
tissue paper reinforcement carried out by Takahashi’s is evidence that the condition of the piece
is poor.
Visual observation from many points of view demonstrates that piece 711 has many
fragments, fragile layers, and many external and deep cracks. Photo 1 is an example of the poor
condition of a part of 711; it is part of the shaft from the lower surface in the pit.

Figure 3-186: Photo 1: Part of the shaft of the steering, Piece No. 711, before conservation

Photo 2 is another example of the poor condition of 711, a part of the shaft. Below you
can see that the surface layer is separated from its original place, and the wood is very dry.

Figure 3-187: Photo 2: Part of the shaft of the steering oar, Piece No. 711, before conservation
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Once again, the process of conserving Pieces No. 711 was essentially identical to that described
above. The conservator for piece number 711 was the author, and the proposed time required for
conservation was between three to seven weeks, The facing was then removed, fumigation was
carried out with 98% alcohol, photos were taken, and discussion took place with the senior
members of the project team. They agreed that the piece would require a large amount of the
adhesive, Paraloid B72 50%, which would have to be applied in all the cracks and external. The
smaller pieces 711-1 and 711-2 would have to be treated separately due to the blade’s poor
condition and rejoined to pieces 711-3 and 711-4. Once all parts had been rejoined together,
some of the empty spaces would be filled with glass micro-balloon mixed with Paraloid B72 to
produce a paste texture and serve as a filler to that would be stronger and make it relatively easy
to handle the oar for transportation. The steering oars would be among the last pieces transported
to the GEM-CC due to the length of the pieces. Conservation then proceeded in accord with this
plan, resulting in the restored Piece 711 that appears in the photographs below:

Figure 3-188: Piece No.

711: The blade of the steering oar after conservation

Figure 3-189: Piece No.

711: The blade of the steering oar after conservation
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Figure 3-190: Piece No. 711: The shaft of the steering oar after conservation

Figure 3-191: Piece No. 711: The complete steering oar after conservation

3.12.2. Piece 1283: A Rowing Oar
Rowing oars were found with the Second Khufu Boat and could have powered the boat if
it had been used on the Nile River. In the photograph below appears an example of the 50-plus
rowing oars recovered from the western or “second” boat pit: Piece No. 1283. Most of the oars
were found in very poor condition, and some were only barely recognizable as rowing oars. The
two following photos depict the elements of piece 1283 as they were identified in the second pit.

Figure 3-192: Piece No. 1283: A rowing oar, identified the arrows and located among other rowing oars and ropes

144

Figure 3-193: Piece No. 1283: A rowing oar, identified by the arrows, and several ropes around

The following photo depicts piece 1283 after extraction from the pit and before conservation.

Figure 3-194: Piece No. 1283: A rowing oar, after extraction and before conservation

Wooden piece number 1283 was originally located in position South, B-C in the pit. It is
a rowing oar and is one of 52 rowing oars found in association with Khufu’s Second Boat.
Unfortunately, not all the 52 rowing oars were complete when discovered: some of them were
found broken into halves in the pit, some had deteriorated and survived only as sticks, and others
survived only as blades. Fortunately, this piece is almost complete except for some missing
layers. Its length is 3.45 cm, the width of the blade is 0.07 cm, and the stick that is all that
survives of the shaft is 0.93 cm.
Piece 1283 is in a poor condition and was separated into several parts. All these separate
elements were extracted together, which facilitated the conservator’s work. Takahashi reenforced it with tissue paper on one side only, the lower surface, so the conservator was able
make visual observation without having to wait to remove the tissue papers.
As we can see in the photo above and in the two photos below, before conservation the
blade featured many cracks, external and deep, and there is a part missing from the South side. It
was also deformed and required reshaping. It was separated into two main parts, each of which
featured one or more substantial cracks. There were many associated fragments and flakes, and
there was a major missing part from the E side, which is the end edge of the piece.

Figure 3-195: Piece No. 1284: Blade of the rowing oar, before conservation
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Figure 3-196: Piece No. 1283: Shaft of the rowing oar, before conservation

The conservator for piece number 1283 was this thesis’ author. The proposed time for the
conservation of the piece was between two and three weeks. During the conservation process the
facing was removed, and fumigation was carried out with 98% alcohol. In addition, photos were
taken, and additional discussion took place with the senior scholars.
As the senior scholars agreed, the piece required a large amount of adhesive, Paraloid
B72 50%, in all the cracks, both external and deep, and on the rejoin edges. Paraloid B72 15%
was thus employed to close all these cracks, and at the same time to strengthen the weak parts in
the piece. To close the deep cracks and rejoin all parts together, it was necessary to fill the spaces
with glass micro-balloon mixed with Paraloid B72 to produce a textured paste used as a filler to
hold all the parts together. This piece was perfectly rejoined during the conservation process and
was then transported to the GEM-CC special store for organic objects. The following photograph
depicts Piece 1283 after conservation.

Figure 3-197: Piece No. 1283: The rowing oar after conservation

3.12.3. Piece 680: An “oar resting board” and its associated copper fixtures
Several wood pieces that appear to have served as what the ship experts of the project
team called “oar resting boards” were found in the second pit. An “oar resting board” is a part of
the gunwale of the hull — that is, the wooden beams that comprise the top of the starboard and
port sections of the hull — to which one or more oars are fixed. The type of fixture in question
could range widely from one vessel to another, from something as simple as a slot cut in the
gunwale into which an oar could be inserted, to fittings that were attached to the gunwale and
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functioned as oarlocks. In the case of Khufu’s second boat, most of the oar resting boards were
associated with copper fittings that were often found embedded in the wood. Such is the case
with piece 680, the elements of which appear in the six photographs that follow as found in the
second pit. In the photos the embedded copper fittings mentioned above are visible.

Figure 3-198: Piece 680, an “Oar Resting Board,” with arrows pointing out the copper fixtures.

Figure 3-199: Piece 680, an “Oar Resting Board,” with copper fixtures visible at the bottom of the photo.

Figures 3-199 and 3-200: Piece 680, an “Oar Resting Board,” with copper fixtures visible

Figure 3-200: Piece 680: An “Oar Resting Board,” with copper fixtures visible
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Figure 3-201: Piece 680: The “Oar Resting Board,” with copper fixtures visible

The following four photographs show the separate elements of Piece No. 680 as they
were extracted from the pit and before conservation.

Figure 3-202: Piece No. 680-1 before conservation

Figure 3-203: Piece No. 680-2 before conservation

Figure 3-204: Piece No. 680-3 before conservation
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Figure 3-205: Piece No. 680-4 before conservation

Wooden Piece No. 680 with its associated copper fittings was located in section North, FJ, in the pit. It is called an “oar resting board,” and as noted above, this means that it is a board
that the rowing oars rested on. The associated copper pieces were L-shaped and were set into the
wood to serve as the specific resting points for the oars, as indicated in the following photo. The
upper part of the photograph shows one of the copper fittings, the L-shape of which is readily
apparent. The lower part of the photograph shows how the copper fitting was set into the oar
resting board. A rowing oar was set into the copper fitting, where it was wrapped by a rope that
was inserted into the hole in the board indicated above and drawn up and around the oar to
ensure that the oar did not fall or slip into the river from the oarsmen’s hands.

Figure 3-206: One of Copper Fittings in the Oar Resting Board
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Khufu’s Second Boat contained 8 wooden pieces with copper fittings, and the number of
L-shaped copper pieces is the same as the number of rowing oars: 52. Wooden piece 680 is 9.50
meters long, 0.47 cm in width, and 0.04 cm in thickness.
As Figure 3-198 shows, wooden Piece No. 680 was found in separate pieces in the pit
and its condition was poor due to its position, which on the north side very close to the wall of
the pit. Because of its location near the wall, it appears to have absorbed more humidity than did
many other pieces of wood in the pit, and this may account for the extremely poor condition in
which it was found. Wooden Pieces 680-1 and 680-2 are parts of one piece, even though they
were individually extracted, being heavily reenforced by tissue paper for the sake of safety. A
few copper pieces were attached to the wooden piece and others were not. Therefore, Takahashi
extracted them separately. The condition of these copper pieces was poor as well, and they need
to be cleaned to minimize the effect of corrosion. The attached copper pieces had to be removed
carefully to be cleaned and then re-attached.
At the outset of the conservation process it was apparent that the condition of this piece in
the pit was poor, and that the intense reinforcement that Takahashi carried out as first aid was
necessary. Piece No. 680 has major cracks and separations, and it was extracted in four large parts.
It is also associated with major fragments, fragile layers, and heavy dust. In addition, the copper
pieces were in poor condition, and a few of the L-shaped fittings were broken and also had fragile
layers.

Figure 3-207: Piece No. 680-1, before conservation
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Figure 3-208: Piece No. 680-3, before conservation

Figure 3-209: Piece No. 680-4, before conservation

The conservator for piece number 680 was the author of this thesis. It was noted in
advance that the time required for the process would depend on how long it would take to clean
the corrosion layers from each copper piece.
Once the conservation process was underway, the facing and copper pieces were
removed, and fumigation was done with alcohol 98%. Photos were taken and additional
discussion took place with the senior scholars. As agreed by the senior scholars and conservators,
conservation work started on both wooden and copper pieces at the same time. As for the
wooden piece, a huge amount of adhesive — 50% Paraloid — was used together with 15%
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Paraloid to strengthen the weak areas and the copper places. Then, the copper pieces were
cleaned and re-attached at their original places, the four wooden parts were rejoined. It was
necessary to fill some gaps with Micro-Ballon mixed with 50% Paraloid to fix the copper pieces
in their places. This piece was perfectly rejoined during the conservation work and was
transported to the GEM-CC special store for organic objects.

Figure 3-210: Piece No. 680 after conservation, with the copper fixtures, which served as a type of oarlock, in place.

3.13. The Second Khufu Boat: The Canopy located at the Prow of the Boat
At the prow of the Second Khufu Boat stood a canopy or “forecastle,”, which provided
shade for the pilot of the vessel or any other figure of prominence who choose to spend time on
deck. The First Khufu Boat featured a very similar canopy near its the prow. The canopy of the
second boat is made of wood and consists of roof, 10 pillars to support the roof, and a base to fix
these pillars in. The sketch below illustrates how the pillars slotted into holes in the roof and
base. This section will focus on a description of one of the 10 pillars and its conservation.
Fig. 3-211: Structure of the Forward
Canopy of the First Khufu Boat, from
Dr. Sakuji Yoshimura’s Book: 吉村作
治、古代エジプト・クフ王「第１
の船」の復原に関する研究ー現行
復原の検証と新復原案の提示ー、
株式会社アケト. (In Japanese) (2009,
p.95)

3.13.1. Piece No. 92: A Pillar of the Canopy

Fig. 3-212: Piece No. 92: A pillar of the canopy in the pit, its locations identified by arrows
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Figure 3-213: Piece No. 92: A pillar of the canopy, after extraction and before conservation

Wooden piece number 92 was in the south section, L, in the pit. It is one of the 10 pillars
of the canopy or “forecastle.” Its length is 1.13 meters. The condition of this piece was extremely
poor when it was extracted from the pit. Its moisture content is low, and it was extracted in 4
separate parts as well as an additional few fragments. Takahashi reinforced almost all elements if
Piece No. 92 the piece because of its condition.
After removing the tissue papers, most of the surface was into fragments and some
missing layers. It was so dry and needed high percentage of consolidation to safe that we have.
According to the deliberations of the chief conservators, ship builders and the conservator
who would treat the piece, this piece would take a few weeks to conserve and required the
standard actions, with the same steps as the treatment which done for the piece No. 1283. The
conservator for Piece No. 92 was the author of this thesis, and the expected time required to
complete the conservation of this piece was proposed as being between three and five weeks.

Figure 3-214: Piece No. 92: A pillar of the canopy after conservation
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The facing was removed, and fumigation was done with alcohol 98%. Photos were then
taken, and discussion was made with the superiors. It was agreed that the piece required lots of
adhesive, Paraloid B72 50% and 25%, to hold the wood parts together. In this case, glass microballoon mixed with B72, 50% was used to get a heavy paste texture and strengthen the surface.
This piece was perfectly rejoined during the conservation work and was transported to the GEMCC special store for organic objects.

3.14. Notes on the Ancient Egyptian Joining System
A major issue in discussing and describing both the First and Second Khufu Boats is the
question of how ancient Egyptian carpenters and woodworkers joined pieces of wood together.
This topic, with special attention to the construction of the two Khufu boats, will be addressed in
the following section. (Note: All figures in the following pages are courtesy of Yoshimura, from
The Study of Khufu’s first boat restoration and analysis of the present restoration and a proposal
of new idea for restoring it”, 2009).
3.14.1. Structure of the Hull of the Khufu Boats

Tenons

Mortises

Ropes

Lashing Holes

Plank

Plank

Figure 3-215: The joining system between two planks is based on the use of mortise-tenons, horizontally and
vertically, as well as the use of ropes that go through the lashing holes to tie or “sew” pieces of wood together.
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3.14.2. Structure at the End of the Hull Plank Mortise-tenon

Plank

bottom plank

cover board

Back timber

mortise-tenon

Figure 3-216: Structure of the Deck Floor 1: Upper Surface — no ropes or crossbeams
are visible to an outside observer. These structural elements are only visible from within the vessel.

3.14.3. Deck Floorboards.

Mortise-Tenon

Deck Floorboards

Ropes

Cross beam

Figure 3-217: joining system of the deck floorboards
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3.14.4. Deck House Structure

Figure 3-218: The Frame Structure of the Deck House of the Second Boat. Dr. Kashwagi’s drawing

Mortise-Tenon

Mortise-Tenon

Figure 3-219: Joining System of the Deck House with Mortise-Tenons of the First Boat
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3.14.5. Structure of the Canopy

Longitudinal Beam

Pillar

Transversal Beam

Figure 3-220: The Structure of the Canopy of the First Boat
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3.14.6. Section of the First Khufu Boat Canopy

Deck Beam

Frame

Stanchion

Spine

Deck House

Bottom Plank

Plank

Deck Floor

Girder

Hanging Beam

Figure 3-21: A Section of the First Boat Structure

3.14.7. Piece number 1107: A Crossbeam of the Canopy

Figure 3-222: Piece No. 1107, a crossbeam of the canopy in the pit, identified by the arrows
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Figure 3-223: Piece No. 1107, a crossbeam of the canopy in the pit

Figure 3-224: Piece No. 1107, a crossbeam of the canopy in the pit, identified by the arrows.

Figure 3-225: Piece No. 1107: A crossbeam of the canopy after extraction and before conservation
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Fig. 3-226: Piece No. 1107, a crossbeam of the canopy after extraction and before conservation

Wooden piece number 1107 was on the South, M-N, section of the pit. It is the cross
beam of the canopy that stood directly in front of the Deckhouse. Its length is 3.73 cm, 11 cm
width, and between 3.5 to 4 is the thickness It is curved from the middle N/S until E. (Fig. 3-225)
Is this an original curve or not? The two experts in ship building, Kurokochi and Kashiwagi,
believe that it might be a curved wooden piece, but they are not confident in this belief and agree
that it could have become curved while pressed in the pit for centuries. This piece contains
incised marks indicating position, direction, and place (Fig. 3-225).

Figure 3-227: Piece No. 1107, marks in the wood

Figure 3-228: Piece No. 1107, marks in the wood
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Fig. 3-229: Piece No. 1107, marks in the wood

In addition, it features a slopping angle and a hole that cuts through the wood from both sides E&
W, as well as evidence of the use of mortar.

Figure 3-230: Piece No. 1107, a crossbeam of the canopy, before conservation.

Mortars

Figure 3-231: No. 1107, a crossbeam of the canopy depicting signs of the use of mortar

Piece No. 1107 is one of the few wooden pieces of Khufu’s Second Boat that was well
preserved in the pit. It is in a very good condition, with only few flakes and fragile layers on the
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East side as well as N/S, especially on the flat surface. Its color suggests that it might be made
from a non-local tree (identification of the wood is still currently underway).

Figure 3-232: Piece No. 1107: A crossbeam of the canopy after before conservation

It was agreed that this piece would take a few weeks to conserve and would follow the
same process described many times above. The conservator was the author of this thesis, and the
expected time of completion for the conservation process was one to two weeks.
The paper facing was removed of the “first aid” in the pit was removed, and fumigation
was done with alcohol 98%. Photos were taken and discussion was made with the superiors. The
actual conservation was relatively straight-forward, since the piece just required it mechanical
cleaning to remove the dust, as well as preservation of the wooden natural color and the incised
marks. For this reason, only a minimum of consolidation was carried out, but a lot of cleaning was
necessary.

3.15. Addendum to Chapter 3: Members of the Second Khufu Boat Project Team
Senior Scholars and Supervisors

Titles and Institutional Associations

Professor/Dr. Sakuji Yoshimura

General Director of the Japanese Archaeological Mission in Egypt
and Direct, Khufu’s Second Boat Project
Cairo Bureau Chief, NPO Institute of the Solar Boat
Deputy General Director and Shipbuilding Expert, NPO Institute of
the Solar Boat
Shipbuilding Expert, NPO Institute of the Solar Boat
Archaeologist/Conservator Expert, NPO Institute of the Solar Boat
Supervisor/Conservator Expert, NPO Institute of the Solar Boat
Supervisor/Conservator, Grand Egyptian Museum, Conservation
Center (GEM-CC)
Supervisor/Engineer, NPO Institute of the Solar Boat
Supervisor (Giza Plateau)
Supervisor (Giza Plateau, Previous)
Supervisor (Giza Plateau, Previous)
Master Conservator
Research Associate, Waseda University

Tatsundo Yoshimura
Dr. Hiromasa Kurokochi
Dr. Hiroyuki Kashiwagi
Dr. Kazumitsu Takahashi
Dr. Richard Jaeschke
Dr. Eissa Zidan
Youssef Nabarawy
Mamdouh Taha
Afifi Rohaiem
Dr. Wael Fathi
Izabela Uchman
Ayano Yamada
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Conservator and Conservation Scientists

Titles and Institutional Associations

Dr. Mohamed Lotfy
Dr. Shigeo Aoki
Prof/Dr. Izumi Nakai
Dr. Yoshinari Abe
Dr. Fumitake Masuzawa
Tetsuya Yamada
Takuji Yamada
Toshio Kinoshita
Madoka Murai
3D Scanning Team

National Research Center, Cairo
Honorary Fellow, National Research Institute for Cultural
Properties, Tokyo
Tokyo University of Science
Research Associate, Tokyo University of Science
Gangoji Institute for Research of Cultural Property
Gangoji Institute for Research of Cultural Property
Gangoji Institute for Research of Cultural Property
(Tokyo Metropolitan Industrial Technology Research Institute)
(Tokyo Metropolitan Industrial Technology Research Institute)
Titles and Institutional Associations

Prof/Dr. Katushi Ikeuchi
Dr. Masataka Kagesawa
Prof. Hiroko Uchiyama
Mao Kobashi
Administration

University of Tokyo
University of Tokyo
Joshibi University of Art and Design
University of Tokyo
Titles and Institutional Associations

Mohammed Ashry
Giza Plateau Inspectorates

NPO Institute of the Solar Boat
Titles and Institutional Associations

Hoda Marazy
Layla Faiz
Malwa Saber
Khadri Metwaly
Conservators

Supreme Council of Antiquities
Supreme Council of Antiquities
Supreme Council of Antiquities
Supreme Council of Antiquities

Dr. Mohamed Anwar
Abdel Aziz Sayid
Abdel Moneim Mohamed
Ahmed Abd Rabu
Ashraf Mohamed
Anwar Rashed
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CHAPTER FOUR: COMPARISON
BETWEEN KHUFU’S TWO BOATS
This chapter compares Khufu’s two boats. The study of the objects recovered from the second pit
shows that the two boats were nearly identical — a true pair of royal barges buried in a line one
behind the other, both facing to the west.

4.1. Similarities between the Boats of Khufu
There are several similarities between Khufu’s two boats.
4.1.1. The hulls of both boats are comprised of 35 wooden pieces, and the hull pieces of both
boats have almost the same shapes, with slight differences in their lengths and widths.
N Starboard

W

E
S Portside

Fig. 4-1: Yoshimura’s sketch of the hull planks of the First Khufu Boat, 2009)

Figure 4-1 shows the First Boat’s hull pieces that Dr. Yoshimura and the Japanese
mission used as a reference for situating the hull pieces of second boat by simply replacing the
numbers of the first boat’s pieces with the numbers of second boat’s wooden pieces.
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4.1.2. Both Khufu’s Boats have the same numbers of cross beams: 52.
In general, each vessel features the same types and shapes of cross beams. However, the
cross beams of the second boat are not as well preserved as those of the first boat due to the
climatic conditions of the pit. In addition, the crossbeams of the first boat almost all feature
ancient inscriptions that identify their position and orientation in the boat. But only a few of the
pieces from the second boat are inscribed, and most beams were in a very poor condition or have
missing parts. Figure 4-2 shows one of the few complete deck beams of the Second Khufu Boat
before conservation, and it contains inscriptions (Piece No. 774, conserved by the author of this
thesis). Figure 4-3 provides a closer view of several of these inscriptions.

Fig. 4-2: A deck bean of the Second Khufu Boat, before conservation

Fig. 4-3: Photographs of Piece No. 774, with ancient marking visible in the lower photo.

4.1.3. Both of Khufu’s boats have 200 wooden pieces that constitute the floor of the deck.
However, some of the second boat’s deck floor pieces have special features and
inscriptions, which currently are under investigation. Figure 4-4 displays one of the deck floor
wooden pieces of the second boat after conservation: Piece No. 621.

Fig. 4-4: Piece No. 621, a deck floor piece of the Second Khufu Boat
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4.1.4. Both Boats have identical deck houses with similar features.
The following three photographs provide views of the deck house of the first boat from
different perspectives.

Figs. 4-5, 4-6, and 4-7: Photographs of the deck house of the First Khufu Boat from
different perspectives, courtesy of Kashiwagi

As is apparent in Hiroyuki Kashiwagi’s sketch reconstruction of the deck house of the first boat
(Figure 4-8), the second deck house is essentially identical to that of the first.

Fig. 4-8: Sketch reconstruction of the deck house of the Second Khufu Boat, courtesy of Kashiwagi

4.1.5. Both boats feature the same type of canopy located near and just behind the prow.
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Figures 4-9 and 4-10 depict the first Khufu boat. The location of the canopy in question is
indicated by the red circle at the right-hand side of the sketch in Figure 4-11. Dr. Yoshimura
notes that the canopy of the second Khufu boat has the same wooden pieces as the first boat,
which indicates that both boats have identical canopies, and both canopies are located at the
same point in the vessel (Yoshimura, 2009).

Figs. 4-9, 4-10 and 4-11: Photographs and sketch of the canopy of the First Khufu Boat
(courtesy of Dr. Yoshimura, 2009)
Roof

Pillar to support the roof
Base
Fig. 4-12: Sketch reconstruction of the prow canopy of the First Khufu Boat (Yoshimura, 2009)
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4.1.6. Both boats have steering oars.
The first boat has 12 steering oars, and the locations of these oars— ten forward of the deck
house, with five on each side of the vessel and the remaining two steering oars attached to the aft
near the stern, with one on each side of the boat — are depicted in the sketch in Figure 4-13.
However, the second boat has only 8 steering oars. The 12 steering oars of the first boat are
essentially identical in shape and size as are the 8 steering oars of the second boat, which is
probably one of the reasons why they have all come to be called “steering oars.”

Fig. 4-13: The two steering oars at the stern
of the First Boat (courtesy J. Swanson)

Fig. 4-14: The ten “steering” oars attached to the hull of the First
Khufu Boat amidship (courtesy J. Swanson)

It is clear how the two steering oars attached to the stern would have functioned: they would
have been used to turn the vessel and maintain its stability and direction while moving in water.
But it is not known how the other steering oars would have been used, or whether it is even
appropriate to call them “steering oars” — for example, those attached to the hull amidships in
the first boat in Ahmed Youssef’s reconstruction could possibly have been pulled or pushed in
the manner of rowing oars. But if there is a consensus among most of the relatively small number
of scholars and popular writers who have considered the issue, it is that the “steering oars” that
Ahmed Youssef attached to the vessel amidships would probably not have been used to row the
boat: they are simply too large and unwieldly for this purpose. If they used at all as anything
other than possibly replacements for the two steering oars, their role was to help maintain the
stability of the vessel as it was towed through the water by other rivercraft. Or they may have
played a purely symbolic role and were never designed to be used in any practical way. (See, for
example, Jenkins, 1980, 106-108 and Lipke, 1984, 125-126). Even the current location of the ten
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steering oars that are attached amidships to the side of the first boat is misleading, because
Ahmed Youssef told Paul Lipke that the positioning of oars in the reconstruction of the First
Khufu Boat “is purely an arrangement for display; there is no direct evidence available to
indicate exactly where they were positioned and how they were lashed" (Lipke, 1984, 88).
No one has attempted to reconstruct an ancient Egyptian wooden rivercraft of the size
and scale of the Khufu boats. However, in 2008 an attempt was made to construct a full-scale
replica of a New Kingdom-era seagoing ship of the type depicted on the walls of Queen
Hatshepsut’s mortuary temple at Deir al-Bahari and then sail the vessel on the Red Sea. The
reconstruction was part of a French television documentary later broadcast on the BBC and the
U.S. Public Television science series “Nova.” Unfortunately, however successful the
reconstruction may have been — and it did succeed in mounting several sails in the open sea —
the reconstructed vessel provided relatively little information relevant to our understanding the
steering oars of the Khufu boats. The “Min of the Desert,” as the ship was called, was a seagoing
vessel equipped with a mast, and its principal means of propulsion was intended to be wind and
sails. It was patterned after boat models from Middle and New Kingdom tombs as well as after
relief images in New Kingdom temples, including with regard to its oars (Ward et al., 2009). The
ship was designed to accommodate 13 oarsmen on each side of the vessel each managing a long
oar from a standing position. Cheryl Ward, one of the lead figures in the reconstruction project,
noted that “The crew use oars to maneuver the ship into position for raising and lowering the
sail… Lack of practice demanded that we reduce the rowing crew to fourteen, less than half the
number illustrated on (tomb pictures), but with wide enough space for us to avoid catching each
other’s oars. Despite our inexperience, we reached 2.5 knots against the wind. Nonetheless,
rowing was not a primary propulsion strategy for a 30-ton ship with such a small crew . . . .
Instead, we focused on sailing” (quoted in “The Ancient Egyptian Rowing Stroke: Propelling the
Boats of Gods and Men,” at the “Hear the Boats Sing” website, 2018).
At present, little more can be offered to clarify the purpose and use of the large steering
oars found in association with both boats of Khufu. The consensus of those who have worked
with these objects is that they are too large and too heavy to have been used effectively to row
either vessel, and if they were anything other than spare parts stored within the hull, they were
probably used to maintain the vessel’s trim and direction while moving on the river.
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4.1.7. Both boats have the same shape of stern and stem-post with identical papyri-form
decoration at the end of each post, as in Figures 4-15 and 4-16 below.

Fig. 4-15: Stern post of the First Khufu Boat (courtesy
of J. Swanson)

Fig.4-16: Stem post of the First Khufu Boat (courtesy
of J. Swanson)

4.2. Differences between the Boats of Khufu
Even though there are only a few differences between Khufu’s first and second boats,
these differences are significant. In this chapter I will focus on three of these differences. Although
there are other differences as well, they are still under investigation and their analysis will continue
during the second, reconstruction phase of the Second Khufu Boat Project
4.2.1. Rowing Oars
The remains of what were probably 52 rowing oars, some in poor condition, were found
in the second boat pit. None were found in the first pit. A few of the rowing oars were in fair
condition and found more-or-less complete, while in the case of others, only fragments of the oars
were found — for example, only the blade or the shaft. The Khufu’s Second Boat Project team
members saved as many of the oar pieces as they could. It is likely that there were originally 52
rowing oars, because 52 L-shaped copper pieces that probably served as oarlocks were found
among the wooden pieces in the second boat pit. (The presence of these copper pieces in
association with the Second Khufu Boat is the second difference between the two boats of Khufu.)
Figure 4-17 shows one of the rowing oars — piece # 1284 — before conservation and figure 4-18
shows the same piece #1284 after conservation.
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Fig. 4-17: Rowinfg oar Piece No. 1284 before conservation

Fig. 4-18: Rowing oar Piece No. 1284 after conservation

4.2.2. Copper Pieces
Nearly eighty copper pieces were recovered from the second boat. No equivalents were
found in the excavation of the first boat.
There are two different shapes of copper pieces in the second boat: the L shape and the U
shape, as seen in Figures 4-19 and 4-20 below.

Figure 4-19: An L-shaped copper piece from the
second pit, before conservation

Figure 4-20: Two U-shaped copper pieces from the
second pit, before conservation

The L-shaped copper pieces are 52 in number and there is general agreement as to their
purpose. They are “oarlocks” that were embedded into the “oar resting boards” (or “gunwales”)
to serve as fulcrum points where the rowing oars could rest. (See Figures 4-19 and 4-21.)
The U-shaped copper pieces are 32 in number, 18 portside and 14 starboard, and their
exact function is not yet known. At present, the author will note that each U-shaped piece consist
of a central base flanked by two raised wings. In addition, there is a round hole in each of the two
wings of every U-shaped piece, right and left. (See figures 4-20 and 4-22.) It is likely that these
holes had something to do with the joining system, such as tying ropes and/or holding rope in
position. (This presumption is based private communication between Dr. Kashwagi and the
author of this thesis. The same is true of much of what is discussed over the next two pages.)
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Figure 4-21: An L-shaped copper piece after
conservation

Figure 4-22: A U-shaped copper piece after
conservation

Both types of copper pieces were originally embedded in the gunwale of the second boat
in the positions shown in the photograph below. The wooden piece visible in Figure 4-23 is a
section of one long “oar resting board” that made up part of the gunwale. This particular piece is
shown after conservation with both L-shaped and U-shaped copper pieces fitted into the original
cuts that were intended to hold these pieces.
In Figure 4-23 we are looking at the side of the oar resting board that faced outward. The
top of the oar resting board is at the bottom of the photograph. In the bottom left of Figure 4-23
we can see a single L-shaped copper piece. It is fitted into a shallow cut on what was the top of

Figure 4-23: L-shaped and U-shaped copper pieces in place in a
n “Oar Resting Board”. (Photo courtesy of by Kashwagi.)

the oar resting board. This cut in the wood was crafted 4,600 years ago for the specific purpose
of housing a metal oarlock — that is, one of the L-shaped copper pieces.
To the immediate right of the L-shaped copper piece in Figure 4-24 there is another
ancient cut in the top of the oar resting board. It is a shallow cut with a flat base, another example
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of which is visible in Figure 4-24,
which shows another restored oar
resting board with the shallow cut to
the left of the L-shaped copper piece.
This shallow cut originally functioned
as a kind of slot that probably held one
end of a flat wood panel that extended
from the gunwale to the deck. In fact,
all along the tops of the oar resting

Figure 4-24 A restored oar resting board with an L-shaped copper
piece to the right and a flat “slot” cut to the left of the copper
fixture.

boards of the Second Khufu Boat there are comparable pairs of cuts, one to hold a copper
oarlock and one to hold the end of a wood panel.
These wood panels may have served as benches for oarsmen, as indicated in Figure 4-25,
which was drawn by Dr. Kashwagi, and which appears here with his kind permission. In the
sketch, the relative positions of oar, oarlock and oarsman’s bench are clearly indicated; each
oarsman sat facing the stern, and each oarsman on one side of the vessel sat across from another
oarsman seated on the other side of the vessel.

Figure 4-25: Kashiwagi’s sketch suggesting the positions of oar, oarlock, oarsman and oarsman’s bench.

We know the original positions of the U-shaped copper pieces, although we are not sure
of their purpose. The two “wings” of each piece were threaded through ancient holes cut into the
oar resting boards, and this allowed the copper wings to stand out and away from the hull of the
vessel.
The way in which a U-shaped piece fits into an oar resting board may be easier to see by
comparing Figures 4-26 and 4-27. In Figure 4-26 the four copper pieces with prominent holes
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stand out from the oar resting board. These four copper pieces represent two pairs: the pair to the
left are part of one U-shaped piece, and the pair to the right are part of another U-shaped piece.

Figure 4-26: Four “wings” representing elements
of two U-shaped copper pieces set into a restored
oar resting board

Figure 4-27: The base of a U-shaped copper
piece, with its flanking wings set into holes in a
restored oar resting board

In Figure 4-27, we are looking at one side of a different oar resting board. This side of the
board would have been on the inside of the hull of the vessel. Here we can see a flat piece of
copper that represents the base of a single U-shaped copper piece. The flanking wings of the
copper piece have been fitted into holes cut through the wood that allow the tops of each
flanking wing to emerge from the other side of the oar resting board, much as we can see in
Figure 4-26.
Does this arrangement provide any clues as to what the U-shaped copper pieces were
used for? It is difficult not to speculate that these pieces represented fixture point for ropes, and
large amounts of rope were recovered from the second boat pit (see Figures 4-28 and 4-29 on the
following page). Ropes may have been threaded through the holes of the wings of the U-shaped
pieces for any number of purposes, ranging from maintaining the integrity of the hull of the
Second Khufu Boat to serving as points of attachment for tow ropes that could have allowed the
second boat to tow the first boat. But at present this is only speculation, and answers to these
questions must wait for the results of the studies will be carried out over the next several during
the reconstruction phase of are part of the Second Khufu Boat Project.
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Figure 4-28: Ancient rope from the second pit

Figure 4-29: Ancient rope from the second pit

4.2.3. Oar Rests (or “Oar Resting Boards”)
The Second Khufu Boat appears to have been supplied with several planks that were part
of the vessel’s gunwales and that the oars used by rowers “rested’ on. The copper pieces referred
to above fitted into these “oar resting boards” and served as a type of oarlock. No oar resting
pieces were found in the first boat pit.
Figure 4-30 below shows one of these “oar resting boards” before conservation: Piece no.
680. Several copper fittings are apparent in the photo. Taken together, the rowing oars, copper
fixtures and oar resting boards provide us with evidence of how the vessel could have been
powered to move through water. No such evidence was recovered from the remains of the First
Khufu Boat, and one question that cannot be answered at present is why the First Khufu Boat did
not have any rowing oars. It is possible that it was never intended to move on the river and was
entirely symbolic. Another possibility is that the Ancient Egyptians placed rowing oars in the
first pit but for some unknown reason they did not survive.

Figure 4-30: Piece 680, an “Oar Resting Board,” with copper fixtures visible at the bottom of the photo.
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CONCLUSION: THE PURPOSE OF
THE TWO ROYAL BOATS OF KHUFU
As the past nine years have focused almost exclusively on the recording, removal, and
conservation of the contents of the second boat pit, it is still too early to provide a definitive
explanation of the purpose and meaning of the two Khufu boats that is based on the boats
themselves and the hundreds of ancient artifacts recovered from the second pit as the ensemble is
still under investigation. Thus, this section can only provide a brief summary of the current
thoughts about the boats and their function. In summer 2022 the second stage of the Second
Khufu Boat Project will begin: the reconstruction of the second boat, which is expected to take
six to seven years. During this time the materials recovered from the second pit will be carefully
studied by Egyptologists, historians and experts in maritime technology, and this process should
provide us with a better understanding of the purpose and meaning of the two Khufu boats.
The First Khufu Boat was discovered in 1954, and even before it was discovered, the
empty boat pits found around the Khufu and Khafre Pyramids led to speculation about whether
real boats had been buried in these pits, why any such burials might have taken place, and what
the purpose and meaning of royal boat burials was. The most useful recent summary of the
various hypotheses that were proposed to explain the role of royal boat burials in the Old
Kingdom Period appears in Hartwig Altenmüller’s “Funerary Boats and Boat Pits of the Old
Kingdom” (2002). In this article Altenmüller says “The meaning of the ships in the boat graves
of the Old Kingdom is still disputed . . . . In the majority it is assumed that the ships have a
multifunctional use. The views differ depending on whether the ships are seen as ‘Solar
Barques,’ as boats for use in the Other World, as transport ships for use during the king's funeral,
or as state barques during the king's reign” (Altenmüller, 2003, 272).
Altenmüller summarizes the most important hypotheses regarding the purpose of the
boats, beginning with the that of Selim Hasan, who suggested in 1934-1935 that any boats buried
next to the Pyramid of Khufu would have been “Solar Barques” (Altenmüller 2001, 272). A
“Solar Barque” (or “bark”) as understood by the ancient Egyptians, was simply a substantial
vessel on which the sun god travels, and “One of the Egyptians’ central religious images was that
of the continuous voyage of the sun god Ra through the sky in his two barks, the day bark and
the night bark . . . . One image of a blessed afterlife included joining Ra in his bark . . . . As a
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result, images of boats are ubiquitous in tomb art, especially in the vignettes accompanying the
underworld books in many royal tombs of the Egyptian New Kingdom, which show the many
stages of the night voyage of the Sun” (Vinson, 2013, 5).
Hasan’s suggestion concerning the link between solar ideology, royal funerary complexes
and possible boat burials at Giza pre-dated the finding of the First Khufu Boat by almost 20
years. But the actual discovery of a huge papyri-form vessel at Giza in 1954 convinced many
scholars as well as many members of the public that the First Boat must have had something to
do with a direct association between the king and the sun god. As a result, the First Khufu Boat
has consistently been described as the “Solar Boat” in both formal and informal contexts for
most of the past six decades. But since Selim Hasan proposed this idea in 1934-1935, it has
encountered considerable scholarly opposition, partly because of the lack of contemporary
evidence establishing a direct link between Old Kingdom boat burials and solar ideology, and
partly because of the distinct possibility that the Khufu vessels “were his own ceremonial
vessels, buried with him as a ritual offering” (Vinson, 2013, 7).
Other prominent hypotheses concerning the purpose and symbolism of the Khufu boats
together with any other boats that may have been buried around Khufu’s pyramid are as follows
(all quotations below are from Altenmüller, 2002, 273):
— Jaroslav Cerny argued in 1941 that the boats “were used for the otherworldly voyage of the
king.”
— Abdel Moneim Abu Bakr and Ahmed Youssef Mustafa suggested in 1953 that the boats
were used for different purposes: “three boats were necessary to visit important religious
centers, such as Heliopolis, Sais and Buto, in the Other World,” while the “fourth boat was
used in coronation rites, and the fifth one either for the ‘Sons of Horus’ who participated in
the coronation rites, or for the transportation of the royal mummy.
— Ahmed Fakhry concluded in 1961 on the basis of the Pyramid Texts that “the boats were
used by the dead king in the Other World” but that not all of the boats could be considered
as solar boats.
— Zahi Hawass suggested in 1990 that the southern boats were connected “with ‘solar boats’
used by Khufu as the sun god Ra, while the boats that would have been in the eastern boat
pits were for the living king whose activities are recorded in the reliefs of the upper temple.”
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— Miroslav Verner concluded in 1992 that “the principal meaning of the boat burials was most
likely ‘to provide the deceased with transportation in the Other World,’” and that any more
far-reaching proposition was problematic, since at different periods of the Old Kingdom,
“different aspects of the meaning may have been emphasized . . . in close dependence on the
development of religious ideas.”
Altenmüller then adds to these hypotheses his own suggestion, contending that when boat
pits come in pairs within royal funerary complexes, the vessels that would have been buried
within were intended to constitute two-ship convoys “for the use of the deceased king, who was
supposed to travel in a barque of his own across the night and day.” He bases this argument on
the depiction of such two-boat convoys in non-royal tombs of the Old Kingdom (see Figure 4-31
below) and proposes that “royal ships navigate in a convoy made up of two vessels, one being a
Night Barque, the other a Day Barque. The order of ships is such that the ships are either
following one behind the other in a convoy or they are navigating in a parallel lane side by side.
Night Barque and Day Barque always appear together. In the night, the convoy of ships was
under sail, during the day the convoy of ships was thought to be rowed . . . . During the night the
Night Barque was at the head of the convoy, during the day the Day Barque took over the lead of
the naval convoy” (Altenmüller, 2002, 283-284).
The Night Barque, which is equipped with a mast and sails, was called the “Henet” and
bore “the head of a hedgehog twisted backwards.” The Day Barque, which is equipped with
oarsmen and rowing oars, is the “Shabet, ”the hull of which “imitates that of marsh ships built
from papyrus stems (Altenmüller, 2002, 275ff). Figure 4-31 depicts a pair of boats, one Shabattype and one Henet-type, as depicted in a relief in the fourth dynasty Tomb of Seneb at Giza.
Altenmüller then attempts to apply his “convoy” thesis to the boats discovered on the
south side of the Great Pyramid. “The boat graves located to the south of the pyramid of [Khufu]
contain two ships, both for the day journey. Both ships are oriented from east to west and are
marked as oared ships. The western pit represents the pit of the leading ship and contains the Day
Barque while the eastern pit contains the ship of the rear position, which is the Night Barque.
The boat graves on the east side of the pyramid probably were intended for Khufu's night voyage
with the southern ship as a Night Barque and the northern ship as the Day Barque” (Altenmüller,
2002, 283-284).
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Altenmüller’s suggestion that
the two southern Khufu boats formed
a “convoy pair” that served the king
in his afterlife is appealing, and the
fact that the two Khufu boats are
essentially identical lends itself to the
idea that each took pride of place on
different occasions. But neither of
these boats was equipped with mast
and sails. In fact, both vessels
resemble what Altenmüller calls
“Shabet” boats, although even this
identification is made problematic by
the fact that (1) there is no evidence
that the eastern boat was ever
supplied with rowing oars, and (2)
Altenmüller’s contention that both
boats “were marked as oared ships”
effectively contradicts his conclusion
that “the eastern pit contains . . . the
Night Barque,” since the “Henet”

Figure C-1: This sketch of a relief from the Fifth Dynasty Tomb
of Seneb at Giza depicts (above) a papyri-form “Shabat”-type of
boat and (below) a hedgehog-prowed “Henet”-type of boat.
Copied with minor processing from Altenmüller, 2002, 287,
where the sketch is copied from Junker, Giza V, 1941, pp. 62-63
(from https://core.ac.uk/download/pdf/35123852.pdf)

boat was supposed to be able to
move under sail, and as noted above, there is no evidence that the eastern boat had a mast or
sails. Altenmüller notes that it is possible for a Henet-type boat to appear as an oared vessel and
for a Shabat-type boat to appear as a sailing vessel (Altenmüller, 2002, 276), but if the Second
Khufu Boat was, in fact, a Henet-type of vessel, it is difficult to understand why the full-scale
vessel was not at least provided with an un-stepped mast so that it could have readily been
transformed into a sailing vessel. Altenmüller’s argument is further confused by his statement
that “The boat graves on the east side of the pyramid probably were intended for Khufu's night
voyage” because he provides no explanation of how the southern convoy-pair and eastern
convoy-pair might have interacted. Altenmüller notes that while ships in boat graves come in
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pairs, there are cases (for example, in the Khufu funerary complex) in which they come in
doublings of pairs — “that is, in fours” (Altenmüller 2002, 274). However, he also acknowledges
that there are five pits surrounding the pyramid of Khufu and accommodating the fifth pit into a
structure of pairs upon pairs is, at the least, difficult. Regardless, Altenmüller’s overall argument
that royal funerary boats tend to be buried in pairs that suggest two vessels operating together to
meet a common purpose remains persuasive.
In 2008 Dr. Sakuji Yoshimura, the general director of the Japanese mission in Egypt,
published a study of the First Khufu Boat entitled The Revival of The Solar Boat. Before
excavating the second boat, Dr. Yoshimura decided to evaluate the validity of the reconstruction
of the First Boat that was carried out by Ahmed Youssef Mustafa, and to acquire a better
understanding of Old Kingdom shipbuilding for the future reconstruction of the Second Boat. He
focused especially on marks painted or carved on wood members, which were largely ignored in
the first reconstruction made by Ahmed Youssef. He interviewed Ahmed Youssef, who gave him
copies of cards that recorded sketches, dimensions, and remarks of all 649 wooden pieces of the
First Boat. The thorough investigation of the cards led to the discovery of 216 previously
unpublished marks on 134 wooden planks and the assumption that they were a kind of
carpenter’s assembly marks, which helped shipbuilders to find the correct pairs of members. Dr.
Yoshimura then modified illogical, unevidenced parts of Haji Ahmed’s reconstruction and
finally presented his own reconstruction plan. Furthermore, he demonstrated the validity of his
plan by reviewing paintings and reliefs of New Kingdom boat images, especially in the tombs in
the Valleys of the Kings and Queens in Luxor. (Yoshimura, 2008; please note that this study is
written in Japanese and has not been translated into English or any other language).
Dr. Yoshimura’s study of the First Khufu Boat also addressed the matter of the purpose
and meaning of the two Khufu boats. He argued that the sun rises from the east and sets in the
west every day and that the ancient Egyptians believed that the sun sets in the west, moves to the
east during the night, and then rises from the east in the morning. They believed that the sun
repeats its long-distance journey every day, and in the daytime the sun is in this world, and in the
nighttime the sun is in the afterlife. The Ancient Egyptians' principal vehicle for long-distance
travel was the boat, and therefore they believed that the sun god also rides in a boat. They also
thought that it was the king's role to build such a boat, and therefore it is possible that King
Khufu's First Boat was the Solar Boat.
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In addition, wall paintings in the Royal Tombs at the Valley of the Kings, dating to the
New Kingdom, show the sun god Ra and the king riding in a boat on their way to the afterlife,
and this boat is called a solar boat (see, for example, Figure 4-32). The king has the title “son of
Ra, the sun god”, and hence there are close relationships between king and sun god.

Figure C-2: King offering to the sun-god, both of whom are travelling in a “solar barque” that is being towed; relief
image from the burial chamber of the Tomb of Rameses IV, Valley of the Kings, Luxor (courtesy of J. Swanson)

As eternity and reproducibility is symbolized by the movement of the sun, depicting the
sun god Ra and the king on the solar boat in the tomb could guarantee the king's rebirth and
resurrection, as he travels back and forth between the other world and this world every day. For
these reasons, Dr. Yoshimura suggested that both of the boats that King Khufu buried near his
Great Pyramid have a close relationship with the sun, and it is therefore reasonable to call them
“solar boats” (Yoshimura, 2008).
Dr. Yoshimura’s hypothesis thus revived the idea that the two Khufu boats are “Solar
Boats” in which the king travels with the sun god Ra in the afterlife. This idea had been most
recently expressed by Zahi Hawass. In his 1987 Ph.D. dissertation “The Funerary Settlements of
Khufu, Khafra, and Menkaura during the Old Kingdom,” Dr. Hawass discusses many scholars’
opinions about the Khufu First Boat, ranging from the suggestion that it is a “solar boat” to the
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belief that it served as the king’s funeral boat in this life. Dr. Hawass argued for the boat’s role as
a “solar boat,” noting that Khufu’s First Boat has no mark or evidence that it was ever used in the
king’s lifetime because there is no trace of water on the two sides of the boat (Hawass, 1987, 7).
According to Dr. Yoshimura, both boats of King Khufu are “Solar Boats”, which the king
uses for his two journeys of the day and night with the god Ra, the sun god of the Ancient
Egyptians. Dr. Yoshimura thus follows the concept of a two-ship convoy that was proposed by
Altenmüller but with an important difference: he suggests that the First Khufu Boat is the one
that carried the king and the god, while the Second Khufu Boat towed the first boat (Yoshimura,
2008).
Before the author offers her current opinion in this matter, permit her to repeat that she
believes that it is premature to expect a definitive solution to the matter of the purpose and
meaning of the two Khufu boats currently. Having said this, she finds that Dr. Yoshimura’s
hypothesis that the two southern boats are solar vessels is the most persuasive explanation at
present. She bases this partly on her personal experience with the materials that she has observed
and conserved, but she is especially influenced by two arguments. First, the positions of the two
boats relative to one another, one behind the other in a line facing west, supporting Altenmüller’s
two-boat convoy hypothesis. In addition, the fact that the boats are nearly identical establishes
each as being of equal significance. However, the fact that the Second Khufu Boat is equipped in
a different way than the First Khufu Boat — that the second boat could be powered by oarsmen
while the First Khufu Boat had neither sails nor rowing oars — suggests, as Dr. Yoshimura says,
that the role of the second boat was to tow the first boat. This would explain why the second boat
has rowing oars and “oar resting places” in the gunwales, and why no evidence of oars was
found in association with the first boat. Even the relative positions of the two vessels, with the
two boats facing the same direction — west — and the first boat set behind the second boat,
suggests that the second boat was in position to lead and tow the first boat. Whether there are
wooden or metal fixtures among the artifacts recovered from the second pit that could be
definitively associated with tow ropes and towing is yet to be determined, but the analysis of
these artifacts will take place over the next six-to-seven years and should resolve this question
one way or another. But for the present, she is inclined to accept the working hypothesis that the
two Khufu boats formed a solar convoy that permitted the king to move day and night together
with the sun god in the afterlife.
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des Antiquités de l’Égypte 41, 1942, pp. 405-409 and 42, 1943, p. 357
Z.Y. Saad. The Excavations at Helwan: Art and Civilization in the First and Second Egyptian
Dynasties. Norman, University of Oklahoma Press, 1969

REFERENCES: ONLINE RESOURCES
Free Dictionary, The, by Farlex (at https://encyclopedia2.thefreedictionary.com/Gramineae)
Hear the Boat Sing (a website dedicated to all things boats and rowing, at
https://heartheboatsing.com/2018/03/02/the-ancient-egyptian-rowing-stroke-propelling-theboats-of-gods-and-men/)
Industrial Gums, Third Edition, 1993 (at https://www.sciencedirect.com/topics/agricultural-andbiological-sciences/linum-usitatissimum).
Maritime Technology News, “MTR100: Engineered Systems,” August 18, 2016
(https://www.marinetechnologynews.com/news/mtr100-engineered-syntactic-systems537168)
National Library of Medicine, National Center of Biotechnology Information
(https://www.ncbi.nlm.nih.gov/pmc/artices/PMC2533594/)
Planttes (at http://www.planttes.com/?page_id=65&lang=en)
Ratchford Ltd, UK (at https://ratchford.co.uk/product/cleaners-conditioners-finishes-klucel-g-forconsolidating-flaking-leather-50g/
SOURCES OF PHOTOGRAPHS, SKETCHES AND DIAGRAMS
Photographs, Sketches and Diagrams provided by Colleagues
Most of the photographs, sketches and diagrams that appear in this thesis document the work of
the scholars, conservators, specialists, craftsmen, and laborers who are responsible for the first
phase of the Second Khufu Boat Project. The author has been given special permission to
employ these photographs in her thesis, and she wishes to express her gratitude to Dr. Sakuji
Yoshimura, Director of the Second Khufu Boat Project, and his colleagues for the many
courtesies that they have extended to her during the writing of this thesis.

191
Photographs, sketches and diagrams courtesy of the Second Boat Project: Figures 1-24, 1-29, 132, 1-34, 1-35, 2-7, 2-10, 3-3 to 3-7, 3-9 to 3-56, 3-58 to 3-77, 3-80 to 3-94 3-96 to 3-100,
3-102 to 3-122, 3-124 to 3-137, 3-139 to 3-156, 3-158 to 3-167, 3-169 to 3-175, 3-178 to
3-211, 3-213 to 3-215, 3-224 to 3-233; 4-2 to 4-8, 4-17 to 4-24, 4-26 to 4-30
Photographs taken by the author: Figures 1-37, 1-38, 1-39, 1-40, 1-41, 1-42, 1-43. 1-44, 1-45, 146, 1-47
Photographs, sketches and diagrams courtesy of Sakuji Yoshimura, from. The Study of Khufu’s
First Boat Restoration and the Analysis of the Present Restoration, and the Proposal of New
Ideas for Restoring It, Ankh Press, 2009 (in Japanese): Figures 2-1, 2-9, 3-124, 3-139, 3158, 3-169, 3-178, 3-212, 3-216 to 219, 3-220 to 3-222; 4-1, 4-9 to 4-12
Drawings courtesy of Hiroyuki Kashiwagi: Figures3-219, 4-25
Photograph Courtesy of Hiromasa Kurokochi: Figure 2-16
Photographs courtesy of John Swanson: Figures 1-3, 1-13, 1-23, 1-25, 1-27, 1-33, 1-36, 1-48, 149, 1-50, 2-12, 2-18, 2-20, 2-22, 3-1 to 3-2, 3-176; 4-13 to 4-16; C-2
Photographs, Sketches and Diagrams copied from Books, Articles and Online References
Altenmüller, Hartwig. “Funerary Boats and Boat Pits of the Old Kingdom.” Archive Orientálni,
70, 2002: Figure C-1
British Museum online, at
https://www.google.com/search?q=ancient+Egyptian+predynastic+nagada+pottery&oq=an
cient+Egyptian+predynastic+nagada+pottery&aqs=chrome..69i57.30389j1j7&sourceid=ch
rome&ie=UTF-8: Figure 1-1
El-Aref, Nevine, “First Dynasty Funerary Boat discovered at Egypt’s Abu Rawash,” Ahram
Online, July 25, 2012, at http://english.ahram.org.eg/News/48641.aspx,: Figure 1-5
El-Aref, Nevine, “Egyptian Japanese archaeological mission to excavate second Khufu Boat
completed,” AlAhram: July 6, 2021, at https://www.google.com/search?client=
safari&rls=en&q=El-Aref,+Nevine,+%E2%80%9CEgyptian+Japanese+archaeological
+mission+to+excavate+second+Khufu+Boat+completed,%E2%80%9D+AlAhram:&ie=U
TF-8&oe=UTF-8 Figure 3-100
Emery, Walter B. Excavations at Saqqara: Great Tombs of the First Dynasty, III, London, 1958,
p. 44: Figure 1-11
Google Earth: Figure 1-4
Gupta, N. and Nagorny, R. “On the Tensile Properties of Glass Microballoon-Epoxy Resin
Syntactic Foams, Citation information: Journal of Applied Polymer Science”. 2006, pp.
1254-1261, PP.1:3: Figures 3-79 and 3-80
History Blog website, from http://www.thehistoryblog.com/archives/43967: Figure 3-95

192
Jenkins, Nancy. The Boat Beneath the Pyramid: King Cheops' Royal Ship. London: Thames and
Hudson, 1980: Figures 2-2, 2-4 to 2-6, 2-11, 2-13 to 2-15, 2-17, 2-19, 2-21

Kettnerová, “A unique boat from the pyramid age discovered at Abusir,” 2016): Figure 1-20
Leeman, Diane, “Tomb 100 - The Painted Tomb of Hierakonpolis,” 2019, at https:
//www.academia.edu/40813076/Tomb_100_The_Painted_Tomb_of_Hiera…): Figure 1-2
Maritime History Podcast, http://maritimehistorypodcast.com/ep-006-khufus-solar-ship-sailingafterlife/. Figure 1-28
Maritime History Podcast, https://maritimehistorypodcast.com/wp-content/uploads/2014/05
/books.jpg?x85308): Figure 2-3
Planttes website, from http://www.planttes.com/?page id+65&lang=en): Figure 3-57
Raffaele, Francesco, “Helwan,” online article, 2002, at http://xoomer.virgilio.it/
francescoraf/hesyra/helwan.htm: Figure 1-7
Richards, J. at https://www.researchgate.net/figure/ Map-showing-the-Middle-Cemetery-atAbydos-J-Richards-after-a-base-map-used-with_fig1_315803549): Figure 1-14
Ward, Cheryl. “Boatbuilding and its social context in early Egypt: interpretations from the First
Dynasty boat-grave cemetery at Abydos.” Antiquity 80 (1), 2006: Figure 1-17
Waseda University, “Primary Survey of Khufu’s Second Boat Project at Giza, Egypt.” Advanced
in Science, Technology and Enviornment, Vol. B3, 2002-3. p. 4, fig. 2: Figure 1-21, 3-8
Watson, John, “The 1st Dynasty Tombs of Saqqara in Egypt,” at the TourEgypt website,
http://www.touregypt.net/featurestories/firstdynastysaqqara.htm: Figure 1-10
Wikipedia . (https://en.wikipedia.org/ wiki/Khufu ship#/media/File: Kheops-boat-pit.JPG:
Figure 1-26
Online Sources
https://i.pinimg.com/originals/1b/fd/03/1bfd036336a3773821b5758d8861e9f9.jpg): Figure 1-15
https://i.pinimg.com/564x/3b/d6/3c/3bd63cf8606d09975969eba98b23c443.jpg): Figure 1-22
https://www.bing.com/search?q= Abu+Rawash+boat+pit&go=Search&qs=ds&form=QBRE)
Figure 1-6
https://www.bing.com/search?q= map+of+1st+Dynasty+tombs+saqqara&go=Search&qs=
ds&form=QBRE&ntref=1): Figure 1-8
https://www.bing.com/images/search?q=Vachellia+nilotica+&go=Search&qs=ds&form=QBIR&
first= 1&tsc= ImageBasicHover Figure 1-30

193
https://www.bing.com/images/search?q=lebanese+ceder+tree&go=
Search&qs=ds&form=QBIR&first=1&tsc=ImageBasicHover) Figure 1-3
https://www.bing.com/search?q=map+of+1st+Dynasty+tombs+saqqara&go=Search&qs=ds&for
m=QBRE): Figure 1-9
https://www.bing.com/images/search?q=tomb+3503+saqqara&qpvt=
tomb+3503++saqqara&tsc=ImageHoverTitle&form=IGRE&first=1.): Figure 1-12
www.abc.sa-pa/uwa Penn.Yale.NYU): Figures 1-16, 1-18 and 1-19

